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INTRODUCTION

) The US Navy is currently developing prototype garment ensembles which will provide
integrated protection against chemical agents, hyperthermia, hypothermia, hypobaria and high-
acceleration forces. As part of the development process, these garments must be tested to
determine their ability to provide such integrated protection. As a supplement to manikin and
human subject testing, mathematical modeling can be used to simulate thermal conditions
considered too hazardous for human testing. It can also be used to establish guidelines on the
amounts of clothing insulation necessary to permit exposures based on USN requirements.

The following document reports on studies using the Texas Human Thermal Mode!®
(referred to as the Model, below). This effort has included three tasks. The first involved
translating and modifying the original FORTRAN program to operate in the Macintosh
Programme:'s Workshop environment and to allow computations involving extremely low CLO
values. The second task was to validate Model performance by comparing its predictions to
human rectal (T,.) and skin (T, ) temperature measurements obtained duning cold water
immersions (CWI). In the third phase, a sensitivity analysis of the Model parameters pertaining to
CWI survival scenarios was performed.

I. PROGRAM MODIFICATIONS
A. Program Description

The following description is detailed in the Model documentation provided by its
author, Dr. Eugene H. Wissler of the University of Texas at Austinl0. The Model is a one-
dimensional transient-state model which computes thermal, cardiovascular, respiratory and
metabolic changes that occur during a selected period of time, given initial values for all
dependent variables and specification of independent variables. The human form is divided into
15 major segments including head, chest, abdomen and each leg and arm composed of three
segments each. The following variables are computed at ten second intervals for each segment:

Time-dependent computed variables!0:

Temperatures at 15 radial points within each of the 15 body elements;

Arterial and venous blood temperatures within each element;

Local perfusion rate at each radial node;

Metabolic rate at each node owing to resting metabolism, exercise and shivering;

Oxygen, carbon dioxide and lactate concentrations in tissue and blood at each radial node;

Regional rates of sweat production;

Rate of sweat evaporation, which may be less than the rate of sweat secretion;

Ventilation rate;

Temperatures at up to six additional radial points within clothing;

Amount of accumulated sweat at each clothing node;

Rate of heat transfer between exposed surfaces and the environment owing to convection
and radiation.

Specified parameters!0:

Subject weight and mean skinfold thickness, or regional subcutaneous fat thicknesses;

Thermal resistance and permeability for water vapor of clothing on each body element;

Resting and total metabolic rates (exclusive of shivering);

Environmental conditions, including dry-bulb temtrerature, humidity, radiant flux and wind
speed for a gas or temperature and fluid speed for a liquid.
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B. Motivation

The Model required modifications for use in investigating thermal responses to
CWI with clothing having wet CLO values below 0.1. For example, most of the current and
prototype TacAir garments have such low wet CLO values. Duning the course of these
programmatic changes a number of other enhancements were added.

C. Modifications

1. In order to implement these changes, the original FORTRAN code was
translated into Lan e Systems FORTRAN® version 3.0, developed using the Macintosh
Developers Workshop® (MPW) environment for use with the Apple Macintosh IIx™ computer
(Language Systems Corporation, 441 Carlisle Drive, Herndon, VA 22070). The following were
the changes required to operate in this environment.

a. Logical units were changed so that inputs are handled through Unit §,
screen output through Unit 6 and printing through Unit 9.

b. External file access now employs the standard Macintosh file
input/output interface which permits the user to select the "Start" file of their choice. (The "Start"
file specifies the data file names used during program execution). If file input/output errors
occurred, a context-specific error message would be displayed to the user.

¢. Formatted outputs to files and for frinting have been reconstructed to
fit standard 8.5" x 11" portrait formatted sheets and now include headings logically describing the
numerical data. All temperature outputs are now reported in Centigrade.

2. To increase code efficiency and readability, unused code segments and variables
declared but not used were removed, thereby freeing memory resources. Relatively slow code
structures, such as "IF-THEN-ELSE", were replaced with faster ones, such as "CASE SELECT."
As a benchmark, modelling a 1 minute thermal exposure now requires 4 to 5 seconds of :
computational time which includes data output to the screen, (i.e. a 6 hour CWI can be modelled
in about 29 minutes) an improvement of about 450%. Program code has been segregated into
logical segments which are used by the Macintosh Memory Manager to load/unload resources as
necessary. This increased memory use efficiency. The program has been extensively commented,
with descriptions of variables and module functions.

3. The original Model would continue to operate unless a predefined time limit
was reached or arterial temperature reached 32.5°C. After 50% of the maximum aerobic
capability of the modeled "human" was exhausted, the Model began anaerobic metabolism and
lactic acid began to accumulate. This continped until the subject reached metabolic fatigue and
shivering stopped. At this point, central (379 element of the head segment), and arterial -
temperatures increased, causing a "hump" in these curves. All Model predictions at this point and
beyond are unreliable. However, the program would continue computations beyond this point.
Note that if a user only monitored rectal or mean skin temperature estimates, they would be
unaware that fatigue had been reached. The Model has been modified to check for this rise in
arterial temperature at which point it ceases computations and informs the user that the Model has
"reached a metabolic fatigue limit." This check begins after arterial temperature drops to 35.5°C
and was inserted into the code just prior to the 32.5°C check.

4. Each of the Model's body segments contained fifteen radial nodes which
described the various physical properties associated with that segment. These radial nodes were
further subdivided into eight segments each. The physical arrangement of these radial nodes was
described by spacing variables associated with each of the property nodes. In its original form,

2
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use of CLO values lower than 0.04 in the subroutine which determined the heat transfer
coefficient values for immersion conditions ("SuitW") caused the program to enter an endless
iteration loop. This was caused by the sghacing variable "H(i,6)" becoming a negative value.
H(i,6) refers to the sixth segment of the i*h radial node (where i = 1 to 15). To fix this problem,
two modifications were required. First, a test was done for CLO values equal to or less than
0.029. If this was the case, then clothing type was changed to "NUDE" and computations were
performed using the *"NUDE" section in SuitW. If CLO =0.03, then H(i,6) was set equal to its
absolute value (0.0000044) and allow processing to continue in the "THIN™ section of subroutine
SuitW. ("Thin" refers to a Thinsulate dry suit for use during immersion in water). These changes
p:;rlided results consistent with theoretical projections of the Model and manikin CLO data
resuits.

5. The subroutine which determined garment parameters in gas environments is
called "SuitG." The program has a series of garments which are predefined in subroutines SuitW
and SuitG. For example, it was not easy to predict the degree of thermal loading associated with
wearing anti-exposure garments in a warm environment. In the case in which a garment was not
previously defined, SuitG will now check for garment information as defined in SuitW. If a match
is not found, then a suit definition file can be chosen through the standard Macintosh input/output
interface window.

6. It was found that if a scenario was constructed in which a subject would
undergo two or more different conditions during the same run that certain inconsistencies would
arise. Similar problems would also arise when running multiple independent exposures. These
effects would be propagated through the next portion of the scenario and bias the results. The
code now includes the subroutine "INIT" in which all necessary variables are reset to their initial
state prior to entering the next condition.

7. Various internal arrays and printing variables have been reformatted to increase
the number of thermal and other parameters available as outputs from 75 to 120. An additional
output data file has been created in which the user can select specific temperatures or other
parameters to be saved in a format that can be easily and directly imported into Macintosh or
DOS data analysis programs.

8. Future plans include modifying the user interface to conform to Apple
Macintosh standards. This includes menu driven program selections, window input/output
structures and Macintosh Event driven program structure in place of the traditional FORTRAN
top-down format. Combined, these changes will improve user ability to run simulations and enter
control variables from a single program. Currently a separate editor program must be used along
with the Model itself.
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Texas Human Thermal Model Validation Study

I. APPROACH

A working definition for human model "validation” is to determine if its mathematical
predictions follow actual overall physiologic trends reasonably (e.g. relative changes over time are
similar to actual data). In order to validate the Texas Human Thermal Model, thermal data
obtained from human volunteers imme:sed in cold water were compared to Model predictions.
This information, including subject weight, mean skinfold thickness and the environmental
conditions, were obtained from four unrelated cold water survival garment assessments (Pelapu)
performed by the Finnish Institute of Occupation Health. These were referred to below as P13,
P24, P45 and PS5. During these assessments, T, and various skin temperatures were recorded
using thermistors at S, 10 or 15 minute mtewals:-‘e"s. The first three studies lasted a maximum of
six hours and the latter study lasted two hours. Immersions were terminated prematurely when
hand or foot temperatures fell below 10°C, subjects complained of cold pain, cardiac irregularities
occurred or if T, fell below 35°C. Only two of the immersions were reported to have been
terminated due to the latter condition. A total of 29 male and 13 female volunteers participated in
these studies while wearing one of eleven different clothing ensembles. ‘

These parameters and estimates of the garment CLO values!,7 were used by the Model to
compute T, and various body segment Ty for a period identical to the actual subject's immersion
time and output using the same sampling interval. These predictions were plotted, compared to
the actual temperature data and statistical tests of significance were performed. Environmental
cond_il.t’ions and subject physical characteristics were matched in the simulation as closely as
possible.

Assumptions

1. It was assumed that the test subjects were relaxed, floating head-out in the cold water
with their heads covered. For all simulation runs, the Model subject was placed in a relaxed
sitting posture. Under these conditions, it was assumed that air temperature was not a factor. It
was postulated that an exercise metabolic rate of 1 watt and a basal metabolic rate of 100 watt
approximated the actual human rates. Relative humidity was 100% and air pressure was 760 torr
(actual tests were conducted at sea level). Water temperatures and wind speed used in the Model
matched the actual conditions.

2. Starting segment temperatures as predicted by the Model were very consistent for a
given clothing ensemble regardless of the individual's physical characteristics. In fact, there was
little flexibility that a user of the Model could employ to tailor these predictions to fit a particular
set of human physical characteristics. While determinations of the "goodness of fit" of the
predictions with respect to the actual data were conducted on the initial and final (end of CwWI)
temperatures, calculations based upon the relative change in temperature from the start of the
CWI as well as the shape of the temperature curves over time were used to provide the best
estimate of the "validity" of the Model .

3. The Model has only one "standard” human; which was male. As such, male and female
data could only be treated the same - when statistical differences were demonstrated, such data
were not pooled. For example, weight and mean skinfold thickness (MST) measurements were
typically quite different between the sexes, with females displaying a higher MST than males.

4. Human temperatures were measured at specific spots on the skin whereas the Model
computed a weighted distributed temperature based on the overall volume of a body segment
(basically modeled as a cylinder). In the analysis below, it was assumed that these two
temperatures were comparable.
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5. Garment CLO values used in the simulation were from the US Navy CWU-62/P (for
Gore-Tex Over Water Flight Suit - P5)! and the CWU-60/P7 ensemble (for ali other anti-
exposure suits) since the actual tested garment ensemble CLO values were not available. The
62/P was used since it is constructed of the same fabric as that used in P5. The 60/P was chosen
because it is a closed cell neoprene dry suit with an attached hood and is constructed in a similar
fashion to the suits used in P1, P2 and P4. It was assumed that these values were comparable to
the actual suits tested.

II. ANALYSIS

A. For each data set, information was separated in teims of suit worn and sex of the
subject for comparison purposes. Sex differences between subject responses and Model
predictions were analyzed. In all cases, the following information was calculated or plotted:

1. Immersion time (minutes)

2. Tj: initial temperature (°C)

3. Tg,: final temperature at end of immersion (°C)

4. Difference between subject and Model T;

5. Difference between subject and Model Tg,

6. Overall change in temperature (Tg,-T;): AT

7. Plots of raw temperature data for fuman and Model data versus immersion

time (t)

8. Plots of change in temperatures (adjusted so that at t=0, T; = 0) for all human

and Model data curves versus immersion time

9. Description of curve type and subjective assessment of curve morphological

agreement

10. Model predicted an initial rise in Te: a) time to peak, b) magnitude of peak,
and c) duration of rise were measured

11. Slope of sigmoidal fall of Ty, calculated from the end of the initial rise (or the
point at which temperature started falling if subject data had no peak) to
beginning of the plateau (units of °C/min)

12. For body segment temperatures exhibiting exponential declines upon
immersion (e.g. thigh, abdomen): a) time was measured from the start to
plateau (the first and last 10% of the overall value disregarded) and b) the
associated drop in magnitude (°C)

13. Means and standard deviations were computed with respect to suit type and
gender for statistical analyses.

B. Statistical Analysis

Two way unpaired t-tests were performed to test the "goodness of fit" of Model
predictions as well as to determine if some of the assumptions made were not statistically
significant. These tests included comparisons of the mean actual and mean predicted initial
temperatures, final temperatures and AT, slope of T, and exponential characteristics of abdominal
and thigh temperatures. Tests were performed to determine effects of suit type and sex (for P1,
§’202and P4). Statistical significance was set at the 0.05 level. Tests were run using NCSS, version

C. CLO Values

1. Model predictions for P1, P2 and P4 were run using immersed CLO values
from the CWU-60/P or "Imperial” suit. P5 comparisons were performed using CWU-62/P (USN

5
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anti-exposure ensemble with USAF helmet) CLO values. (The USAF helmet was the default
heimet used in the Model). The CLO values were:

[ Suit; Chest | Abdomen | Head | Arm | Hand | Leg | Foot
CWU-60/P | 153 2.69 077 1108 | 090 | 1.11 | 1.23
CWU-62/P | 0.7 0.77 416 1 0.13 | 0.03 | 0.60 | 0.48

D. Human Data Set Description and Data Organization
1. PIL:

This data set included Ty, abdominal (T,p4), hand (Ty)and foot (T¢)
temperatures measured from fifteen males and six females during six hour CWI (see Table 1 for
suits worn, physical characteristics and environmental conditions). Garment ensembles included
the NORD 15 (nylon textile coated suit with neoprene), the Helly Hansen (polyurethane covered
nylon textile), the Bayley Featherlite (closed cell Featherlite material), the Liukko (PVC coated
100% polyester cloth on both sides), the Imperial (5090 gm closed cell neoprene), the Fitz-Wright
(5510 gm closed cell neoprene) and the URSUIT (4600 gm closed cell neoprene). Analysis of the
ATy, initial T, and final T, indicated that there was no statistical difference between the seven
suits. Therefore, subject data was pooled regardless of suit type and organized for analysis into
four groups: individuals completing a) 6 hour immersions (split into two subgroups of 5 males,
P1-6m, and S females, P1-6f, each), b) 4 to 5 hours (4 males, P1-5) and c) 3 to 4 hours (4 males,
P1-4). Two males (immersed less than 180 minutes) and one female (immersed 4 to 5 hours)
were not included in the statistical analysis because they were significantly different from the
others. Analysis of these individuals alone would have reguired three additional groups of one -
insufficient power to perform statistical tests. Skin temperature of the extremities ¢ - back
reaching 10°C (subjects 5,9,11,12,14,15,16,18,20), cold pain (subject 21) or heart beat
irregularity (subject 10) were reasons for failure to complete the full six hours.

2. P2;

The P2 data set included Ty, T}, Ty, thigh (T}), arm (T,p,), chest (T,) and
calf (Tp) temperatures measured from five males and five females during six hour CWI (see Table
1). Garment ensembles included the closed cell neoprene URSUIT 5001 and RUKKA 8380.
Analysis of the AT, T; and Tg, indicated that for the male chest and female hand there were
statistical differences between the suits. There were also some other isolated gender differences.
Therefore, except for the aforementioned body segments, the data set was separated in terms of
sex (males: P2-m; females: P2-f) and pooled in terms of suit type prior to comparisons between
estimated and actual temperatures. It was not possible to further subdivide the subjects into
groups based on total immersion times due to low numbers. Subjects 9, 10 and 11 completed
their immersions, subjects 13, 14, 15 and 16 completed 5 hours, subject 17 completed 4 hours and
subject 8 completed 3 hours. Those not finishing six hours ended their immersions due to
subjective reasons.

3. P4:

This data set included Ty, Tapd Tt, Tam. Th, Ter and shoulder (To)
temperatures measured from three males and two females during six hour CWI while wearing a
Bayley Immersion Suit (see Table 1). Foot temperature was also recorded, but thermistor probes
failed for three of five subjects so data analysis did not include the feet. None of the subjects
completed the total immersion period. Subjects 2, 3 and 4 ended their immersions due to cold
foot pain while the other subjects were taken out of the water because their T, reached 35°C.
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Since the Model includes in its chest segment an area including the shoulder, these two

temperatures were compared. Except for the actual final and AT of hand temperatures and

starting arm temperature, there were no statistically significant differences based on sex. |
Therefore, except for these instances, data was pooled prior to data processing. ‘

4. PS:
Tre, Topd> Ty, Tes and T¢ measured from six males during two hour CWI while
wearing a Gore-Tex &ver \&Jater Flight Suit were included in PS (see Table 1). Only subject 6

completed two hours while the others completed between one and two hours and ended their runs
due to subjective reasons. Subject data was pooled for statistical analysis.

1. DATA
A. Physical characteristics of the subjects and the environment are given in Table 1.

Tables of actual and predicted temperatures and AT are given in Appendix A. Tabular data is
expressed as a mean + one standard deviation.

P1: 6 hour maximum immersion

Subj No. | Group | Sex | Suit | Weight(1b) | MST (mm) | Water Temp. (°F) | Immersion
ime (min) |
1 Pl-6m | M | F-W 152.12 8.65 315 360
3 Pl-6m | M B 141.10 9.25 31.5 360
13 Pl-6m_| M B 167.55 12.25 31.0 360
6 P1-6m | M | NIS§ 138.89 8.40 31.5 360
8 Pl-6m { M I 154.32 14.65 31.3 360
2 | Pl-6f | F | HH 156.53 19.50 31.6 360
17 Pi-6f | F | H-H 4991 10.58 31.3 360
S Plef | F | B 167.55 22.68 313 360
7 Pi-6f | F | NI15 52.12 19.75 31.6 360
19 Pl-6f | F U 19.05 9.93 316 360
4 P1-5 | M| L 163.14 11.10 31.6 __255
10 P1-$5 M I 145.51 8.20 31.6 _ 270
15 P1-5 M | NI5 160.94 15.60 31.0 300
16 P1-5 M U 152.12 10.63 31.6 255
9 P1-4 M | H-H 180.78 11.50 31.0 _210
14 P14 M I 185.19 11.90 30.5 _210
18 Pl1-4 M | F-W 65.35 8.18 31.3 195
21 Pl-4 M L 54.32 0.80 30.5 210 |
11 F | F-W 163.14 16.14 31.3 240 |
|20 M L 182.98 14.23 313 165
12 M U 145.51 8.45 30.5 135

TABLE 1. Summary of human subject physical characteristics and environmental conditions.
MST = mean skinfold thickness. (F-W: Fitz-Wright, H-H: Helly Hanson, B: Bayley,
L: Liukko, N15: Nord 15, I: Imperial, U: Ursuit)
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P2: 6 hour maximum immersion

Subj Suit | Sex | Weight(1b) | MST (mm) | Water Temp. (°F) | Immersion Time (min)
| No, _—
8 U F 136.69 11.60 31.4 180
9 U F 132.28 9.80 314 360
2 UM 98.42 9.08 314 330
4 Ut F 138.89 15.43 314 300
6 UM 206.13 0.30 31.4 300
0 R M 153.22 5.13 31.4 360
| R | M 213.85 13.03 314 360
3 R | F 132.28 0.60 31.4 300
S R | F 136.69 4.60 31.4 300
7 R | M 66.45 10.20 314 240
(U: Ursuit 5001, R: Rukka 8380)
P4: 6 hour maximum immersion
Subj No. | Suit | Sex | Weight (Ib) | MST (mm) | Water Temp. (°F) | Immersion Time (min)
1 B M 162.80 7.70 32.0 200
2 B | F 138.60 13.30 32.0 300
3 B M 169.40 7.95 32.0 300
4 B | M| 21560 13.03 32.0 300
5 B F 118.80 8.05 32.0 300
(B: Bayley immersion suit)
P5: 2 hour maximum immersion
Subj Suit | Sex | Weight (Ib) | MST (mm) | Water Temp. (°F) | Immersion Time (min)
No. -
1 G | M 136.84 6.68 32.0 95
2 G | M 170.50 7.43 320 105
3 G| M 55.98 6.68 32.0 70
4 G | M 55.32 5.30 32.0 80
5 G | M 176.44 7.48 32.0 105
6 G | M 170.50 4.68 32.0 120

(G: Gore-Tex Over Water Flight Suit)

TABLE 1 (con'd). Summary of human subject physical characteristics and environmental
conditions. MST = mean skinfold thickness.

IV. RESULTS

"A. Rectal Temperature

Model predictions indicated that there would be an initial rise in Ty, caused by

peripheral vasoconstriction, to a peak followed by an sigmoidal drop to a plateau. The Model

8
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always predicted a starting T, of 37.09C regardless of conditions. T and results of statistical
compansons are found in Table 2. Comparisons between actual and estimated Ty, are shown in
Figures 1-9. In these figures, starting Ty, is normalized to zero and temperatures are expressed as
a change in °C with respect to the beginning of the immersion.

Only sixteen members of the subject pool exhibited the initial rise in T, as
predicted (P1: S males, 1 female; P2: 2 males, 3 females; P4: 1 male; P5: 4 males). The timing
and extent of this rise did follow predictions except for P5. In PS5, the actual peripheral
vasoconstriction response lasted longer than predicted (55.0 + 29.6 (Ts: subject response) vs 21.7
+ 4.1 min (Tm: predicted response)).

Actual initial T,, was higher than predicted for all groups, though the difference
was only significant for P1 anJe P2 females. Final T,, Model estimates were consistently lower
than actual Ty, though the differences were not significant except for groups P1-4 and PS. In
general, Model estimates of T, tended to be conservative and predicted a cooler Ty, by the end of
the immersion period. However, Model still provided a very good prediction of the drop in core
temperature given that differences between actual and estimated T, slopes and AT, were not
significant for groups P1, P2 and P4. Model did not provide good estimates of AT, for P5 by
predicting a steeper decline (slope) in T, than was seen in the actual data (See Figure 9).

Subjective assessment of the overall curve shapes of the actual and estimated temperatures
using AT, plots also indicated a reasonable agreement for P1 and P2 (see Figures 5 and 6). In
data set P4, the actual data exhibited a fairly linear drop to a plateau rather than a sigmoidal
decline as predicted by the Model. While the Model predictions for the shape of the P5 T
curves were good, the difference in duration periods of the initial rise in Tr, may account for the
poorer Model predictions for PS despite the similarity between the predicted and actual curves.

For P1 and P2, no significant differences between actual male and female T, was found.
However, Model predictions of final T, AT, and slope were different when P1-6m and P1-6f
were compared. The Model predicted that females would have a smaller AT, (p=0.012), more
gradual slope (p=0.034) and a much longer initial peak duration as compared to males (average
predicted male peak duration was 31.7 £ 5 min vs 92.5 + 61.8 min for females). Similarly, the
Model predicted a smaller overall drop in T, for P2 females than males (p<0.000). However, the
actual P2 AT, were not different (p=0.484). Also, Model predictions of Ty, slopes were
significantly different (p=0.025) while the human data were comparable (p=r5.807). There were
individual subject differences, particularly with respect to gender in data set P4 (see Figures 7 and
8). Estimated Ty, for male P4 subjects followed actual data more closely than for the P4 females.
For example, the difference between actual and estimated Ty, for female P4 subject 2 was much
larger than the male subjects (up to 0.6°C below estimates as compared to the males whose
estimated T, were within + 0.2°C with respect to actual values over the first 110 minutes).
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Subject Mean Initial T, Mean Final T,

ﬁ Actual | Estimated Actual Estimated | p

| 37.5£0.4 3 00 1 0047 § 363£05 | 361£02 | 0410

(Pl-6f | 378+0.2 370+ 0.0 0.00 36.8+0.7 366103 0.662 |
P1-5 37.7+0.1 37000 0.000 36303 36.1+0.2 0.342
(P14 37.5+02 | 370200 | 0009 | 36501 | 359+02 | 0.001

P2om | 374204 | 370200 | 0082 | 363 +06 | 35602 | 0.064
P2-f 37.3+0.2 37.0+£0.0 0.014 364+04 355+0.2 0.882__1
P4 37304 | 370200 | 0180 | 361209 | 350+04 | 0.793 |
PS5 37103 | 370200 | 0777 | 363204 | 351205 | 0001
Subject Mean AT, Mean Ty, Slope

| Group Actual Estimated p Actual Estimated P

| Pl-6m 1,20 £0.27 09+021 | 0144 | 0,008+0003 | -0009+0002 | 0711
P1-6f -1.00 +0.75 0042033 ! 0.153 | ©0.007£0.003 | 00040003 | 0.218
P1-5 -1.43 £0.46 0.94+023 | 0.108 | -0.008+£0.002 | -0.008+0.002 | 0.752
Pl -1.00 +0.08 -1.15+0.15 | 0.142 | 0.009+0.003 | -0.010+0.001 | 0.571

| P2-m ~1.12 +0.63 -1.40+0.20 | 0.384 | 0.006 +0.003 | -0.010+0.003 | 0.066

| P2-f 0.88 +0.36 0542019 | 0.101 | 0.006£0.001 | -0.006 0001 | 0.822
P4 -1.24 £0.53 -1.07+041 | 0.59 | 0.008+0.002 | 0.011+0.003 | 0.105
PS5 0.72 +0.50 -1.92+0.53 | 0.002 | 0.012+0.008 | -0.025+0.004 | 0.007

TABLE 2. Comparison of actual vs Model estimated rectal temperature (°C). Values given are
* 1 standard deviation, p = two-way unpaired t-test probability.

B. Abdomen Temperature (Tgg)

. Model predictions indicated that T,.4 would drop exponentially to a plateau
during CWI. After reaching that plateau, T,p4 slightly rose (typically no more than 0.5°C). The
Model predicted a starting T4 of 34.8°C under all tested conditions. T,pq and results of
‘sitatistical cg:inparisons are found in Table 3. Overall, no gender-based statistical differences were

emonstrated.

) Actual Top4 curves were similar to those predicted for P4 and four of the six P5
subjects. In data set P1, only those subjects wearing the Fitz-Wright suit demonstrated
exponential declines in Ty,5. The change in magnitude and time required to reach the plateau
portion of the curves (cafgxilated from the point at which initial T4 dropped by 10% to 10%
above the plateau value, whether the fall was exponential or not) was compared between actual
and Model estimates. The Model predicted a significantly larger drop in T,p,4 than was actually
exhibited by the subjects for each group except P1-4. For P4, the estimated time to reach plateau
was similar to the actual (68.8 +18.9 (Ts) vs 82.4 + 20.1 min (Tm), p=0.302). However, for P5,
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the estimated rate of decline was significantly faster than actual T4 (-0.12 £0.09 (Ts) vs -0.24
0.04°C/min (Tm), p=0.015).

“Subject | Mean Initial 1,4 Mean Final T,pq

Group Actual Estimated D Actual Estimated p__|
(Pl-6m [ 322313 348+00 | 001 +10 | 0411 |
[ P1-6f 31.8+1.8 34800 | 0011 | 279+52 | 2823+18 | 0897
[P1-5 330+08 | 348+00 | 0022 | 324+1.1 | 295+10 | 0.007
P14 310+15 | 348+00 | 0015 | 265+19 | 295+06 | 0.041
P4 33714 | 34800 | 0151 | 31.5+29 | 299+11 | 0289 }
[PS 346+14 | 34800 | 0933 | 29.0+37 [ 243+09 | 0.003
[Subject | Mean AT g Magnitude of Exponential T,pg Drop
_Group Actual Estimated D Actual Estimated D
'Pl-6m | -17x07 | -50£03 10000 [ -20+12 | -43:07 0.015
P1-6f 40+40 | -65+18 | 0240 | -26+09 | -55+15 0.050
[PI-5 06+18 | -52+10 | 0004 | -22+08 | 43407 0.009
P14 45+33 | -53+06 | 0678 | -28+09 | -43:+06 0.063
P4 22+20 | 48+11 ] 0023 | -23+09 | -4.1:+08 0.011
P35 56+28 | -102+09] 0009 | -42+22 [ -80:06 0013

TABLE 3. Comparison of actual vs Model estimated abdomen temperature (°C). Values given
are + 1 standard deviation, p = two-way unpaired t-test probability.

While the Model predicted a small increase in T4 once the plateau had been
reached, actual human T4 responses were highly variable, often including temperature
oscillations, and many dejects had a rather large increase in T4 instead of a stable plateau value.
For example, subject 21 (in group P1-4) had a unique 10°C drop in T,pq during the last 15
minutes in the water while T4 for subjects 10 (in group P1-5), 3 and 5 (group P4) 3 and 4
(group P5) rose by about 1 to 3°C after reaching plateau. It was possible that these subjects may
have had more air trapped in the torso of their outfits than the others or they were not as
completely relaxed as was assumed.

. Actual starting T,p4 was cooler than the predicted in all groups (the difference was
significant for P1). Final temperature predictions were valid for P1 subjects finishing six hour
CWI and for group P4. The Model consistently overestimated AT,pq for most of the data sets,
though there was considerable subject variability. For example, P1 subject 21 (in group P1-4) had
a unique 10°C drop in T4 during the last 15 minutes in the water and P1 subject 10's Typq (in
group P1-5) fell and then recovered to starting temperature by the end of his run.

C. Hand Temperature (Ty,)

According to Model predictions, T}, exhibited a simple second order decline in
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magnitude. This characteristic curve shape was remarkably consistent regardless of the Model
inputs. Starting T;, was typically 32.7°C. Hand temperatures and results of statistical
comparisons are found in Table 4.

For groups P1, P2 and P4, actual T, demonstrated a linear or second order fall
which was similar to the predicted curves. However, the Model consistently overestimated
starting T), (though the difference was only significant for P1-6 and P1-4) and, except for P1-5,
significantly underestimated the final T},

There were individual suit-based differences in final T}, and in AT}, in data set P2.
Hands in the Rukka suit were significantly warmer (p < 0.05) than in the Ursuit. Mean male final
T, was 4.1°C higher and mean female final T}, was 4.3°C higher with Rukka than with Ursuit.
The overall drop in T}, was considerably er with the Rukka versus the Ursuit (P2-m: 2.6 and
P2-f: 4.30C less with M). In the P4 data set, there were gender-based differences, particularly
in final Ty, (female T, cooler) and AT}, (larger overall change in female Tp), therefore statistical
analyses were separated in terms of sex. It was found that estimates of final Ty, underestimated
actual values by an average of 5.5°C. Predictions of AT}, overestimated the total fall by about
40%. In the P1 data set, however, no gender-based differences between actual or estimated T},
were demonstrated.

[Subject | Mean Initial Ty, Mean Final T},

Group Actual _Estimated p Actual | Estimated |
 Pl-6m | 297x11 [ 327+00 | 0004 | 1221095 4+01 10000
 P1-6f 283+17 | 32700 | 0004 | 1323+2.) 85+0.2 | 0.008
P1-5 295+36 | 327+00 [ 0160 | 144+63 90+03 [ 018

P14 271+29 | 327+00 | 0030 | 11309 | 98:05 | 0.038
P2-m 318+25 | 327+00 | 0447 | 168+33 88+04 | 0.004
P2-f 316216 | 327+00 | 0215 8125 89:08 | 0.000

P4&m | 288+17 | 327+00 | 0056 | 160+18 95+07 | 0000

Pa-f_ 306+04 | 32700 | 0089 | 128:06 88:+02 | 0014

Subject Mean ATy

Group Actual Estimated D
| P1-6m -175+13 241405 0.000
P1-6f 215.1+21 | -242+02 | 0.001

P1-5 -151+41 | -237+03 | 0024
[ P1-4 -15.8+3.0 -22.9+0.3 0.019
P2-m -150+31 | -239+04 | 0.003
P2-f -135+25 | -238+08 | 0004
Pd-m 128:1.0 | 232207 0000

P4-f -179+1.1 | -239+02 | 0.015

TABLE 4. Comparison of actual vs Model estimated hand temperature (°C). Group P4
separated by sex for Ty, (m = male, f = female). Values given are + 1 standard
deviation, p = two-way unpaired t-test probability.
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D. Foot Temperature (Ty)

1. Similar to T, T¢followed a simple second order decline profile upon CWI
according to Model predictions. Also, the Ty characteristic curve shape was remarkable
consistent during all simulation runs regardless of the Model inputs. Two notable exceptions
were one of the P2 females and one of the P2 males who displayed an oscillatory increase in Tg¢
after the initial decline. One might suspect that the feet of these subjects were not “relaxed” as
modeled. Initial T¢was typically 35.8°C for P1 and P2. Foot temperatures and results of
statistical comparisons are found in Table 5.

Estimated initial and final T¢ were significantly greater than actual values for most
of the data sets. Unlike the hands, predicted and actual P1 and P2 AT; were not statistically
different (excep: for P2 females). The fact that subjects' feet were not likely to be removed from
the water until the run ended supports the assumptions listed above that validity of Model
predictions relies on maintaining the same conditions during the course of the immersion.
Therefore, Ty estimates were fairly good, given the disparity in starting temperatures.

Subject | Mean Initial i'f Mean Final T¢
Group Actual Estimated D Actual Estimated p
P1-6m 295+14 358+00 0.001 16.1+4.1 187+02 1021
P1-6f 28615 35.8+0.0 0.001 14.5+2.8 188+04 | 0.026
P1-5 27.1+32 35.8+0.0 0.012 10.6 +3.3 195+03 | 0.013
P1-4 266x29 35.8+0.0 0.008 98+10 20.2+0.3 | 0.000
P2-m 28619 35.8+0.0 0.000 149+38 186 0.7 | 0.000
Pat 309+28 | 358x00 | 0018 | 164+48 | 197:09 | 0201
P5 21.6+13 355+00 0.000 98+12 16.1 +1.1 0.000
Subject Mean ATg
Grou Actual Estimated )
1-6 -135+39 -17.1+02 0.116
P1-6f -14.1 +4.1 -169+04 0.19]
P1-5 -16.5+4.6 -16.3+0.3 0.938
P1-4 -16.7+2.1 -156+0.3 0.360
P2-m -137+37 | -172+0.7 0.000
P2-f -146+46_ | -161+09 | 0509
P5 -11.8+1.38 -19.4+1.1 0.000

TABLE 5. Comparison of actual vs Model estimated foot temperature (°C). Values given are
+ 1 standard deviation, p = two-way unpaired t-test probability.

Estimated initial and final T; were significantly greater than actual values for most
of the data sets. Unlike the hands, predicted and actual P1 and P2 AT; were not statistically
different (except for P2 females). The fact that subjects' feet were not likely to be removed from
the water until the run ended supports the assumptions listed above that validity of Model
predictions relies on maintaining the same conditions during the course of the immersion.
Therefore, Ty estimates were fairly good, given the disparity in starting temperatures.
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There were no gender-based differences between actual or estimated Ty for data
set P1. Model estimates of final Ty and ATy were significantly different between P2 males and
females (p=0.049 and p=0.046, respectivelys.

Actual and estimated PS Ty curves were quite similar, though Model temperature
predictions of initial and final T as well as the AT¢ were significantly overestimated. The main
deficiency with Model estimates of Ty was that upon immersion, predicted Ty fell by about 6°C -
a value two to three times larger than actual data. It would appear that the subjects' boots had
considerably more insulation than the 62/P ensemble. From the fact that the subject data declined
with respect to time in the predicted fashion, one could assume that their feet were relatively
inactive during the immersion period.

E. Thigh Temperature (T,)

. Model predictions indicated that T, dropped exponentially to a plateau after CWL
Initial T; was 33.6°C for P2 and P4, 33.4°C for P5. Thigh temperatures and results of statistical
comparisons are found in Table 6.

In general, the actual subject T, curves were similar to those predicted. While the
Model overestimated both initial and final T, the estimated and actual AT, were quite similar,
indicating a reasonable fit for this body segment. No gender-based statistical differences between
male and female T, were demonstrated.

Predicted T; curves were similar in form to T,p4 and were analyzed similarly.
While the actual P2 data did exhibit an exponential decline in T, the Model predicted that T,
would fall about twice as fast as it actually did (time for 80% drop in T, (P2-m: 51.2 (Models vs
98.0 min (males); P2-f: 49.6 (Model) vs 91.2 min (females)) (see Fig 3.). For group P4, the mean
estimated T, fall time was similar to the actual (70.0 £10.6 (Ts) vs 70.0 £ 13.2 min (Tm), p=1.0),
as was the Jecline in temperature (-5.2 +1.6 (Ts) vs -5.0 + 1.2°C (Tm), p=0.843). For data set PS5,
the Model predicted that T, would fall slightly faster than it actually did (time for 80% drop in T;:
39.0 £ 5.7 (Ts) vs 29.3 £ 5.5 min (Tm), p=0.108), though estimates of the magnitude of the fall
were close to the agtual (6.8 + 1.4 (Ts) vs 5.5 £ 1.8°C (Tm), p=0.265).
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"Subject | Mean Initial T, ’ Mean Final T,

Grou Actual Estimated p Actual | Estimated p

| P2-m 310+18 | 336+00 | 0030 | 22627 | 274x16 | 000
P2of | 290+14 | 336+00 | 0002 | 203+08 | 26612 | 0.000
P4 312211 | 33600 | 0008 | 24617 | 275+15 | 0.022 |
[PS 322:09 | 33400 | 0019 | 230+26 [ 255+2.6 | 0.064
—Subject Mean K’f‘t

Group Actual —_Estimated p

| P2-m -84:14 6316 0.051

| P2-f 87£15 T112 0.094

P4 6711 62+15 0587

[P35 93+28 79=:1.1 0.303

TABLE 6. Comparison of actual vs Model estimated thigh temperature (°C). Values given are
+ 1 standard deviation, p = two-way unpaired t-test probability.

F. Calf Temperature (T

Model predictions indicated that T.¢ gradually fell as a second order polynomial
after CWIL. Initial T, was 33.0°C for P2 and P4 and slightly cooler for PS. Calf temperatures and

results of statistical comparisons are found in Table 7.

The overall shapes of both estimated and actual T curves were in agreement for
all groups. Even so, predictions of the initial and final temperatures were statistically different
from actual T s except for data set P4. The estimated P2 AT was significantly different from

actual male AT ¢ but not female, possibly due to the hig
However, comparing the actual male and female data d

gher standard deviation in the female data.
lirectly indicated no significant gender-

based differences. Predicted P4 AT ¢ were almost identical to actual values.

While the shapes of the actual and predicted PS5 Tc¢ curves were in agreement, the
Model overestimated the initial and underestimated the final Tc¢to such an extent that AT ¢ were
as large as 5°C (e.g. subject 1). However, the sample size was too small to generalize about the
ability of the Modei to predict T ¢ under other conditions wearing Gore-Tex ensembles.
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Subject | Mean Initial T g Mean Final T

| Group Actual Estimated P Actual Estimated p

| P2-m 619 33.0+00 [ 0047 93+24 | 221210 [ 0000
P2-f 205+28 | 330:+00 |00 | 17530 | 222+08 | 0019
P4 317+11 | 330+00 | 0056 | 214+18 | 227+11 | 0234
P35 313311 | 32800 | 0018 | 20811 | 191+08 | 0012
Subject Mean Al

Group Actual Estimated p

| P2-m -113+17 -]08+10 0.000

P2f -120+21 | -107+08 | 0245

P4 -103+12 | -103+11 | 0979

[P5 -1C6+14 | -137+08 | 0001

TABLE 7. Comparison of actual vs Model estimated calf temperature (°C). Values given are +
1 standard deviation, p = two-way unpaired t-test probability.

G. Arm Temperature (T,y,)

The Model predicted an exponential decline followed by a second order rise to a
plateau during CWI. The Model consistently predicted a starting T,., of 32.8°C. Arm
temperatures and results of statistical comparisons are found in Table's.

Predicted P2 and P3 T,,, curves were totally different from the actual
temperatures with respect to time during CWI. Human T, curves varied from linear to second
order polynomials. Even though estimates were dissimilar to the actual curves with respect to a
given point in time, predictions of ATy, initial and final T,,, were not statistically different from
actual T, except for P3 males.

It appears that Model estimates of P2 female T,,, responses were somewhat better
than the males, though there were no significant differences between male and female data, either
actual or estimated. Since AT, estimates were based on initial temperatures, P3 male and female
data were analyzed separately.m%stimates of male final and AT, did not predict actual values
well and female predictions were only marginally correct. Final T, m estimates were over 7°C
higher than actual and, due to the predicted increase in T, not seen in the actual data, AT,
estimates were one fourth the true size. It would appear that these non-significant differences
were a result of very small means and relatively large standard deviations.
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Subject | Mean Initial T,y Mean Final T,p,
Group Actual Estimated P Actual Estimated P
P2-m 336213 | 328200 [0242] 258323 | 27.0:13 |0327
P2t 325:009 | 328200 0509 247+52 | 264:09 0516
Paw | 303:05 | 328:00 | 0012 ] 220:18 | 305209 | 0003
af 33.0:03 | 328+00_ 10427 | 232+26 | 308+10 ] 0059
Subject Mean AT,
Group Actual _ Estimated D
P2-m_ 18223 58:13 | 0127 |
[P2f 1753 63+00 | 0590
Pd-m T4=:14 57212 0.026 |
(Pat 08:238 55:14 | 0.146

TABLE 8. Comparison of actual vs Model estimated arm temperature (°C). Group P4
separated by sex for T, (m = male, f = female). Values given are * 1 standard
deviation, p = two-way unpaired t-test probability.

H. Chest Temperature (T,)

Model predictions of male T, during CWI were somewhat different from female
estimates. In both cases the initial exponential decline was followed by a rise. For females, that
rise was followed by a slightly rising plateau. Male T, curves, however, exhibited an overshoot
followed by a slightly falling plateau. The Model predicted a starting T of 33.80C. Chest
temperatures and results of statistical comparisons are found in Table 9.

None of the actual P2 data curves had an exponential decline upon immersion. In
four of five cases, however, the female T, curves dropped to a minimum then increased. Two of
the male T curves contained a dip following immersion followed by a rise to a relatively constant
level. The other three curves simply continued to fall. Even though the Model underestimated P2
starting and final T, and T changed with respect to time in a somewhat different fashion from
that predicted, actual AT, was not significantly different from the estimated values.

There were subject differences with respect to suit type with male T, data. The
males wearing the Rukka suit showed significantly smaller changes AT, (-1.7 +/- 0.8 (Rukka) vs -
4.0 +/- 0.4°C (Ursuit), p=0.036) as well as final T, (32.8 +/- 0.7 (Rukka) vs 31.0 +/- 0.4°C
(Ursuit), p=0.05). Model estimates and actual T, comparisons, however, were not significantly
different when tested separately with respect to suit worn. Again, there were no significant
differences between male and female actual or estimated data regardless of suit worn.

Unlike P2, actual P4 T, declined exponentially upon immersion. The slopes of this
initial T, decline were marginally similar to those predicted (-0.08 + 0.08 (Ts) vs -0.12 +
0.05°C/min (Tm), p=0.094). However, the fall in T took about twice as long to reach a
minimum than predicted (56.0 = 20.1 (Ts) vs 26.0 £ 2.2 min (Tm), p=0.03). Female T, while not
displaying the predicted dip in T, did drop to a minimum and then slowly increased. The male
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data did display a noticeable dip in T followed by a rise to a plateau.

Statistical analyses of the temperature parameters indicated that Model estimates
provided a good prediction of actual T data. Under the conditions of P3, the good agreement
between the predicted values for the chest when compared to actual data taken from the shoulder
blades, supports the approach taken by Wissler to model the upper torso as a cylinder with its
internal temperatures radially distributed throughout its volume.

[Subject | Mean Initial T, Mean Final 1

Group Actual Estimated D Actual _Estimated | p

2-m. 347+07 338+00 0.038 32.1+£1.1 3044009 0.035

[P2-f 350+12 | 338+00 0085 | 328+18 | 303+0.6 | 0031
D3 33.8+0.6 33.8+0.0 0.885 30.2+£2.1 306+0.8 0.670

Subject Mean AT,

Group Actual Estimated p

P2-m 26+14 -34+09 0.341

P2-f 22+19 35206 0.202

P4 -3.7+1.5 -32+0.8 0.533

TABLE 9. Comparison of actual vs Model estimated chest temperature (°C). Values given are
* 1 standard deviation, p = two-way unpaired t-test probability. Shoulder data was
used in P4 since T, was unavailable.

I. Heart Rate Changes During CWI
For all Model simulations, estimates of heart rate (HR) were well within the

proposed limit of 80% of maximum HR calculated based upon age3. Calculated limits and Model
predictions of maximum HR are listed in Table 10.

35




NAWCADWAR-93069-60

| _StudyNo | SubiNo | Age(vn) | CalculatedMaxHR | Estimated MaxHR |

1 1 2 158.4 15.5
1 2 19 160.8 74.6
1 3 21 159.2 74.6
1 4 25 156.0 758
1 5 20 160.0 75.2
1 6 18 161.6 74.6
1 7 19 160.8 74.4
1 8 30 152.0 75.1
1 9 21 159.2 76.7
1 10 26 1552 75.0
1 11 22 158.4 75.0
1 12 24 156.8 73.2
1 13 22 158.4 76.4
1 14 26 155.2 76.9
1 15 18 161.6 75.6
1 16 22 158.4 75.2
1 17 19 160.8 74.9
1 18 22 158.4 75.8
1 19 19 160.8 72.9
1 20 20 160.0 75.6
1 21 23 157.6 753
2 8 48 1376 734
2 9 40 144.0 73.6
2 10 28 153.6 756
2 1 36 147.2 78.5
2 12 39 144.8 78.0
2 13 31 151.2 73.5
[ 2 14 24 156.8 73.6
2 15 — 20 160.0 73.5
2 16 23 157.6 782
2 17 32 150.4 75.5
4 1 50 136.0 7538
4 2 15 164.0 73.9
4 3 40 143.0 76.3
4 4 41 143.2 78.6
3 5 29 152.8 73.0
s 1 24 156.8 88.3
5 2 25 156.0 90.9
5 3 24 156.8 90.0
5 4 25 156.0 918
5 5 27 154.4 91.7
s 6 25 156.0 937

TABLE 10. Comoparison of calculated 80% of maximum heart rate (HR; beats/minute) based on
actual subject age (80% HR,,, = 0.80 * (220 - age [yrs]) and the maximum HR as

predicted by the Model. 80% HRpy,, is the allowable USN physiologic limit.
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V. DISCUSSION

1. The inherent variability in human physiologic responses to stress underscore the pitfalls
in human mathematical modeling. In this analysis we have assumed that the Model itself has
enough flexibility to account for reasonable amounts of individual differences. It certainly is
incapable of anticipating all possible responses. As such, the Model is best used as a guide in
determining trends of human responses during hazardous conditions. Furthermore, determining
whether or not a model is "valid” is difficult in that the concept of what constitutes validity itself is
a difficult to define. The best one could hope for is that mathematical predictions follow overall
physiologic trends reasonably (e.g. relative changes over time are similar to actual data) and can
identify those conditions which would be too hazardous for safe human testing.

2. In general, there were considerable differences in human thermal responses of the
various body segments between individuals within the same study. For example, Model starting
temperatures were very consistent, while human initial temperatures varied by considerably wider
margins. In particular, females tended to have somewhat warmer starting segment temperatures
than males. Initial Model and human skin and T,, were often different, sometimes over 1°C
higher or lower. In some cases, but clearly not arﬁ, these starting differences led to Model
predictions which only varied from the actual data by a constant offset.

Another possible source of error was the assumption that the modeled subject was
relaxed and completely immersed except for the head. It was possible that deficiencies in Model
redictions could have been caused by periods in which part of the subjects’ bodies could have

een out of the water, such as arms folded across the chest, or if legs and feet were moving.

Even though environmental and physical variables were matched as closely as possible,
in the final analysis, any thermal predictions obtained were only as good as the assumed garment
CLO values used by the Model. It was assumed that garments used in P1, P2 and P4 were similar
to the CWU-60/P. In fact, the Finnish reports indicated that the thermal properties of different
suits varied, particularly the insulating capabilities of the suit extremities. Deficiencies in the
modeling of P5 data with the 62/P ensemble were listed in the Results section.

3. Two significant limitations were uncovered during this analysis. The first lies in the
fact that the human included in the Model is male. As such, modelling female thermal responses
In many cases was inadequate. For example, the Model computes T, as a weighted combination
of arterial, venous and abdominal temperatures!0. In order to provide better estimates of female
The, these weighting factors would have to be adjusted. Second, in order to compare predicted
initial and final temperatures based upon a given set of human data, it is essential to be able to
specify starting segment temperatures. In its current form, the algorithm for calculating initial
segment temperatures incorrectly estimated these temperatures for most of the body segments
(except for the arm and chest). Therefore, the most "valid" way to interpret Model thermal
simulations is to focus on the relative change in temperature estimates. ‘

4. Rectal temperature

Model estimates of initial T, tended to be too low. Only in P4, P5 and P2 males were
starting Ty, predictions not statistically different from actual T,. Final T, estimates were
acceptable using the 60/P CLO values for all groups tested except P1-4. Model predictions for
PS5 were too conservative. Given the fact that actual starting temperatures throughout this
analysis have often been quite different from Model estimates, the key parameter in judging the
predictive capability of the Model is the AT, caused by CWI. Excluding P5 data, Model
predictions of AT, were not statistically different from actual data for 86% of the tests
performed. Furthermore, the rate of change in the drop in T, was also not statistically different
from actual data, except for PS. It is interesting to note that only 16 subjects (36% of the sample)
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exhibited the initial rise in T, caused by increased peripheral vasoconstriction. This may have
been due to the temperature sampling rate and sensitivity of measuring devices used in the Finnish
studies. Model predictions of this rise typically estimated a maximum duration of 30 minutes with
an increase of 0.05 to 0.11°C. It may not have been possible to distinguish temperature changes
of this magnitude during the human trials. Interestingly, more subjects in P5 (T, sampled every 5
minutes) exhibited this response (4 of 6) than in the other tests and the duration of these peaks
iasted longer than the others. It is possible that the actual Gore-Tex ensemble womn by P5
subjects provided more insulation than predicted using the 62/P CLO values.

5. Chest temperature

T, was measured only in P2 and P4. Initial and final temperature predictions were
valid for all but P2 females. Female subject T tended to be warmer than predicted. However, for
all groups, AT, predictions were valid. However, the actual T curves were not accurately
predicted with respect to time. Therefore, based on a small sample of fifteen subjects, Model
predictions will be most useful in terms of overall response, as opposed to minute by minute
estimates. The failure to predict the female responses more accurately is probably due to the fact
éhat the Model subject is male and gender-based differences were demonstrated in the subject

ata.

6. Abdomen temperature

Tapq Was recorded in P1, P4 and P5. The Model indicates that Typq should fall
exponentially to a plateau. Subjects in P4, 4 of 6 in P5 and 3 of 21 in P1 exhibited such a
characteristic curve. Predictions of initial T4 Overestimated actual responses in P1, though
estimates were valid for the other two groups. Final Tpp4 predictions were inconsistent. Model
estimates of final T,p4 for P1 subjects completing the full six hour CWI and P4 subjects were
statistically valid. TE% Model overestimated T 4 for group P1-5 and underestimated it for P1-4
and P5. Most of the AT,;,4 predictions, except for P1-6f and P1-4, cverestimated the extent of
the drop in T,py. While AT, estimates could have matched the actual data better, Model
predictions for P4, PS5, groups P1-6f, P1-5 and P1-4 were consistently too large. Use of these
consistently conservative estimates would allow for a larger margin of safety when using the
Model for design or evaluation purposes.

7. Arm temperature

T,m Was measured only in P2 and P4. As in the chest predictions, the actual and
estimated T,,,, curves were poorly matched. However, initial T, and AT, estimates were valid
except for P4 males. Final T, predictions were valid for P2 data. Gender-based differences
between P4 males and females were demonstrated for this segment. Even though 80% of the
AT, predictions using this portion of our population sample were valid, more human data should
be obtained before making any conclusions about T,p,. '

8. Hand temperature

T}, was measured in P1, P2 and P4. Estimated and actual curves were similar in
appearance. %tarting T}, estimates were too high for groups P1-6m, P1-6f and P1-4 and valid for
the rest. However, Mogel estimates of final T}, (except for P1-5) and AT}, were greatly
overestimated.

) During this simulation, it was assumed that the entire body, except the head, remained
immersed and inactive. It is probably reasonable to assume that the subjects did not leave their
hands totally immersed at all times - they might have rested them on their chests, for example.
They may have flexed their fingers periodically, which will increase overall T,. This probably
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would account for the differences observed. However, even though conservative estimates of
lemr'mehmusenfayﬁmiuwhmuﬁngtMsModd,hnhiscmthaengom.mmch
too low. This is because current USN requirements and the "stop-the-run® conditions imposed
during these human tests would have ended the simulation prematurely in a majority of the runs
when T}, fell to or below 10°C.

9. Thigh temperature

T, was recorded in P2, P4 and P5. Actual initial and final T, were consistently lower
than Model predictions. However, AT, estimates were not statistically different for all data
comtparisons. The actual and predicted curve shapes were quite similar in these tests except for
the female subjects. These subjects exhibited a wide range of T, values after the first hour of

immersion not predicted by the Model.
10. Calf temperature

Tf was measured in P2, P4 and P5. Predicted and actual T ¢ curves were in
agreement over time. Initial temperature estimates were too high except for P4 subjects. Final
temperature estimates were too great for P2, too low for PS and agreed with P4 data. AT,
estimates were valid for P2 females and P4 but were too high for PS5 and too low for P2 males.
There were no sex-based differences. It is possible that the 60/P CLO value estimates for the legs
in the Bayley Immersion Suit (P4) were better matched than for the Rukka, Ursuit or Gore-Tex
ensembles. This could account for the variability seen in the AT s results.

11. Foot temperature

Ty was successfully recorded in P1, P2 and P5. Actual Ty responses tended to be more
linear than predicted by the Model. Initial T¢ was always overestimated. Final Ty estimates were
only valid for groups P1-6m and P2-f. However, AT estimates were valid for all of P1 and P2
females. ATy was overestimated for P5 and P2 males. The problem with the latter data set was
the occurrence of oscillatory patterns in the data set which may have indicated that some subjects
did not keep their feet relaxed. As with the T, predictions using PS data, it is possible that the
actual Gore-Tex ensemble worn by these subjects provided more foot insulation than predicted
using the 62/P CLO values.
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Texas Human Thermal Model Sensitivity Analysis
I. MODEL ASSESSMENT

Approach

The primary purpose of this study was to investigate the performance of the Texas
Human Thermal Model during simulated head-out CWI. To accomplish this, a sensitivity analysis
was performed in which individual Model parameters were varied while keeping all others
constant to determine their effect on estimated T, and mean skin temperature (Tg). These
parameters included body segment CLO values and the physical and exercise characteristics of an
individual and his environment. The garment modelled in this analysis was based on the current
standard USN anti-exposure ensemble: the CWU-62/P. End points used during this analysis were
based on the USN Operational Thermal Requirements for Cold Water Immersion!2: maintain (1)
Ty above 350C and (2) Ty above 15°C. Additional end points included the time required to
reach (1) the metabolic “fatigue” limit (point at which shivering stopped and central temperature
(T¢p) transiently rose) or (2) an estimated arterial temperature of 32.5°C.

II. METHODS
A. Standard conditions used are defined as follows:

1. Body segment CLO distribution was

“Segment: Chest Abdomen Head* Arm Hand Leg Foot
CLO: 0.80 0.80 4.16 0.10 0.10 060 050

* Default Model USAF helmet value.

2. The idealized standard man used in this analysis was 160 Ib (72.7 kg) with a 10
mm mean skinfold thickness. He was positioned in a relaxed sitting posture during simulated
head-out CWI. Basal metabolic rate was set at 100 watts. The exercise metabolic rate was 1
BTU/hr and this effort was distributed over the body as 20% arms, 50% legs, 15% abdomen and
15% chest. Clothing was initially dry with an impermeable covering and included a standard
USAF helmet. Environmental conditions included 100% relative humidity, barometric pressure of
760 torr and a 2 mph (0.89 m/s) wind speed.

B. Body segment CLO values were tested as follows:
1. Individual body segment CLO values were varied while holding the others
constant as follows. The chest, abdomen and head segments were modelled during both 28 and
40°F CWI while the other segments were modelled only at 40°F water.

2. The chest and abdomen segments were varied together from 0.01 to 2.0 since
both segments had the same CLO value in the 62/P.

) 3. The right and left leg (thigh and calf) CLOs were varied together from 0.01 to
1.8 while the foot segment was held at the standard 0.5 CLO.

4. The right and left foot CLOs were varied together while the leg segments were
held at the standard 0.6 CLO. The segment CLOs were varied from 0.01 to 1.8.
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5. Four different variations were tested for the arm and hand segments. In each
case, right and left arms were set equal. In Case 1, arm CLO was set equal to hand CLO and
tested from 0.01 to 2.0. In Case 2, the arm CLO was varied while holding the hand at the
standard 0.1 CLO (arm tested from 0.05 to 2.0). For Case 3, the hand CLO was varied while
holding the arm at the standard 0.1 CLO (hand tested from 0.01 to 0.15). A fourth case was run
ién whizch the hand CLO was tested at each of the Case 3 values with each of arm CLO values as in

ase 2.

6. To study the effect of head coverage, the Model was run for 6 hours without a
helmet and compared to the standard CLO configuration.

C. Physical, exercise and environmental characteristics were varied while using the
standard Model configuration as follows. In each case, water temperature was modelled at 40°F.
Wind speed was varied from 0 to 74 mph. Body weight was tested at the St (140 Ib), the S0th
(171 Ib), the 75th (184 Ib) and the 95tk (204 Ib) percentiles. Mean skinfold thickness (MST) was
varied from 3 to 15 mm. Basal metabolic rate (BMR) was varied from 50 to 200 watts. Exercise
metabolic rate (EMR) was varied from 1 to 1000 BTU/hr. One can vary the relative contribution
of four different body segments to the exercise performed by the Model subject ("Exercise
metabolic distribution” (EMD)). The combinations tested in this analysis are shown in Table 11.
Run D in Table 11 simulated upper body exercise. The Model allows for a variety of physical
activities, including standing, sitting, treadmill walking, walking and stationary bike riding. The
sole activity tested in this study was sitting, since none of the others were appropriate. Variations
in EMD may indeed become a factor with other postures, but were not tested.

Eug_ﬂo. Arm eg | Abdomen | Chest |
STD | 20% | 50% 15% 15%
A 30% | 40% 15% 5%
B 40% 30% 5% 15%

C_ 50% | 20% 5% 15%
D 30% 30% 5% 25%

TABLE 11. Relative contribution of body segments to exercise metabolic distributions tested.
STD was the standard distribution.

III. RESULTS
A. Segment CLO Assessment

... L. With the standard CLO configuration in 40°F water, the Model reached a
fatigue limit after 265 minutes. In 28°F water, fatigue limit was reached after 165 minutes.

2. Chest and abdomen segments

a. If the chest and abdomen CLO were set to a level greater than 1.6, the 6
hour CWI was completed without fatigue. Therefore, a 360 minute 40°F immersion was possible
with chest and abdomen segment CLOs = 2.13 * standard chest and abdomen CLO. At 28°F,
CLO values up to 2.0 were insufficient to continue immersion beyond 240 minutes. Table 12
details the time predicted for T, and Tg to reach critical levels, for T, to fall to 35°C and when
metabolic fatigue was predicteée for the CLO values tested during 28°F and 40°F CW1. Estimates
of Ty and Tg (°C) at the end of the CWI are also given.
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b. Figure 10 shows a plot of CLO vs time to fatigue at 40°F and indicates
two breakpoints at which point the slope changes. The three distinct regions are described below.

Range (CLO) Siope (min/1.0 CLO) timeto fatigue (min) for
lower limit upper limit lower CLO range limit | upper CLO range limit
6 -112.5 265 355
0.1 to 0.7 -216.7 110 250
0.01 to 0.1 -300.0 80 110

c. Nonlinear regressions of chest and abdomen CLO versus time at fatigue
for 28 and 40°F water are given by

409F: Time to fatigue = ( 77.096 +420.959x)/(1+0.691 x) 2=0.99

289F: Time to fatigue = ( 51.886 +247.009x)/(1+0.656x) r2=099

where x = chest and abdomen CLO (other segment CLOs held at standard values).

d. Figures 11-13 contain plots of T, T, and Ty while varying chest and
abdomen CLOs from 1.6 to 0.01. Note the gradual paraborfi’c decline in Ty, the initial rise
followed by a parabolic decline in T, and the abrupt drop in Ty after immersion followed by a
relatively slight linear decline over time.

400F  Water 280F  Water
CLO| Tp | Tep | Tek | Timeto | Tpe | Tggat | Tre | Ten | Tgx | Timeto Treat | Tgeat
(min) | (min) | (min) { fatigue at EOl | (min) | (min) | (min) | fatigue | EOI EOI
(min) | EOI | (°C) (min) | (°C) | (°C)
(°C)
2.0 nf nf nf nf 356 | 22.7 * 165 * 240 | 352 1 19.1
1.8 nf nf nf nf 3551 22.5 * 155 * 225 13521 19.5
1.6 * 345 * 355 354 | 22.1 * 145 * 215 13521 194
1.4 * 315 * 335 354 | 22.0 * 140 * 205 13521 191
1.2 * 275 * 315 3531 217 * 130 * 195 {351} 187
1.0 * {225 * 295 352 | 21.2 * 115 * 180 | 35.1 | 184
0.9 * 200 * 280 13521 210 * 110 * 175 1350 ] 18.0
0.3 * 180 * 265 1352 | 20.8 * 105 * 165 | 35.0 | 17.8
0.7 * 165 * 250 135.1] 20.5 * 100 * 155 13501 176
0.5 * 130 * 1 215 3501 19.6 | 135 85 * 135 1349 ] 16.5
03 165 | 100 * 170 349 [ 183 | 105 65 * 105 | 3504 153
[ 0.2 | 135 80 * 140 1349 | 17.6 90 55 | S5 90 349 | 140
0.1 | 105 65 * 110 1349} 162 70 45 15 70 {3501 125
0.08 | 100 60 * 105 349 | 15.6 70 40 | 15 70 1349 | 114
0.05 90 55 | 95 95 349 1 15.0 * 40 10 60 3501 112 |
0.03 85 S0 ] 70 90 349 ] 144 60 35 1 10 60 349 | 10.2 |
0.01 75 45 | 25 80 [348 ] 134 * 30 5 S0 | 35.1 9.5
TABLE 12. Time (minutes) to reach critical temperatures and fatigue and T, and T at the end

of 28°F and 40°F CWI (EOI) for various chest and abdomen cLO values. nf no
fatigue after 6 hours; *: The Model predicted fatigue before reaching critical
temperature. Standard CLO =0.8. '
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FIGURE 11a. Tre predictions for chest and abdomen CLO ranging
from 0.5 to 1.6 during 40F CHI.
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FIGURE 11b. Tre predictions for chest and abdomen CLO ranging

from 0.3 to 0.01 during 40F CHI.
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FIGURE 12a. Tcn predictions for chest and abdomen CLO ranging
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FIGURE 12b. Tcn predictions for chest and abdomen CLD ranging
from 0.3 to 0.01 during 40F CMI.
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3. Leg segments

a. Ifthe leg CLO was 2 1.2, 6 hour CWI was completed without fatigue at
40°F. Therefore, a 360 minute CWI was possible with leg segment CLO = 2.0 * standard leg
CLO. Table 13 details the time predicted for T, and T to reach critical levels, fc;;;cn to fall to

35°C and when fatigue halted computations for the CL

values tested while imme:;

in 40°F

water. Note that once T, did reach critical (35°C), fatigue followed, though $ to 10 minutes

later than in the chest amie abdomen runs.

b. Figure 14 shows a plot of CLO vs time to fatigue at 40°F, indicating
two breakpoints at which the slope changes. The three distinct regions are described below:

Range (CLO) Slope (min/1.0 CLO) timeto  fatigue (mun) for
lower limit upper limit lower CLO range limit | upper CLO range limit

05 to 10 -191.7 245 340

01 to 0.5 275.0 35 245

0.01_to 0.1 -350.0 00 135

c. Figures 15-17 contain plots of T, T, and T, while varying leg CLOs
from 0.01 to 1.0. Note that the greatest change in temperatures occurred between 0.1 and 1.0
CLO. A nonlinear regression of leg CLO versus time at fatigue for 40°F water is given by
Time to fatigue = ( 101.419 + 404.224 x)/{ 1 +0.490 x ) r2=0.99

where x = leg CLO (other segment CLOs held at standard values).

CLO Tre Ten Time to Treat | Tgoat
(min) (min) fatigue | EOI (°C) | EOI (°C)
(min)
1.8 nf nf nf 357 23.2
16 | nf nf nf 356 | 230
1.4 nf nf nf 35.6 22.7
1.2 _nf nf nf 35.5 224
1.0 * 330 340 353 21.8
0.8 * 260 305 35.3 214
0.7 * 215 285 5.2 21.2
0.6 * 180 265 35.2 20.8
0.5 * 155 245 35.1 20.3
0.3 195 115 195 35.0 19.1
0.2 155 95 165 34.9 18.5
0.1 120 _ 80 135 348 17.3
0.08 115 75 130 34.8 16.9
0.05 | 105 70 120 327 | 164
0.03 100 65 115 347 16.1
0.01 90 60 100 34.7 15.7

TABLE 13. Time (minutes) to reach critical temperatures and fatigue and T, and T at the end
of 409F CWI (EOI) for various leg CLO values (foot CLO = 0.5). nf: no fatigue
after 6 hours; *: The Model predicted fatigue before reaching critical temperature.
Standard leg CLO = 0.6.
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while immersed in 409F water. Note that once T,. did reach critical (35°C), fatigue followed,
though S to 10 minutes later than in the chest and abdomen runs.

CLO | T, Ten Ty | Time to fatigue
8 3 3 3 3
6 nf nf nf nf
4 nf nf_ nf_ nf
2 nf nf “nof_ nf

1.0 * 330 * 340
0.8 * 260 * 305
0.7 ’ 215 * 285
0.6 ‘ 180 * 265
0.5 ’ 155 * 245
0.3 195 [15 * 95
0.2 55 95 ' 65
0.1 20 80 * 35

0.08 | 115 75 * 130

0.05 | 105 70 * 20

0.03 | 100 65 * 115

0.01 90 60 * 00

TABLE 13. Time (minutes) to reach critical temperatures and fatigue during 40°F water
immersion for various leg CLO values (foot CLO =0.5). nf: no fatigue after 6
hours; *: Model fatigued before reaching critical temperature. 0.6 was the standard
leg CLO value.

e. Figures 15-17 contain plots of Tpe, Tep and Ty while varying leg CLOs
girg 0.01 to 1.0. Note that the greatest change in temperatures occurred between 0.1 and 1.0

4. Foot segment

. a. With all tested foot CLO values, 6 hour immersions were not completed
prior to reaching fatigue (see Table 14). It was apparent that increasing foot insulation alone was
not enough to prevent fatigue. However, in comparison to the standard configuration, increasing
foot insulation greater than the standard (0.7 to 1.8 CLO) delayed fatigue by 10 to 30 minutes.

b. Unlike the chest, abdomen and leg segments, a plot of foot CLO vs time
to fatigue at 409F indicates a relatively linear variation (see Figure 18). However, when CLO
dropped below 0.1, time to fatigue accelerated as compared to higher CLO values, though the
absolute change was small given the already short survival times. These changes are described by:

Range (CLO) Slope (min/1.0 CLO) time to fatigue (min) for
lower limit upper limit lower CLO range limit | upper CLO range limit

01 tol8 - 313 245 295

0.01 to 0.1 -150.0 235 245
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4. Foot segment

a. With all tested foot CLO values, 6 hour CWI were not completed prior
to reaching fatigue (see Table 14). It was apparent that increasing foot insulation alone was not
enough to prevent fatigue. However, in comparison to the standard configuration, increasing foot
insulation greater than the standard (0.7 to 1.8 CLO) delayed fatigue by 10 to 30 minutes.

b. Unlike the chest, abdomen and leg segments, a plot of foot CLO vs time
to fatigue at 40°F indicates a relatively linear variation (see Figure 18). However, when CLO
dropped below 0.1, time to fatigue accelerated as compared to higher CLO values, though the
absolute change was small given the already short survival times. These changes are described by:

Range (CLO) Slope (min/1.0 CLO) time to fatigue (min) for
lower limit upper limit lower CLO range limit | upper CLO range limit
01 to 18 - 313 245 _ 298
0.01 to 0.1 -150.0 235 245
T T, Time to Teeat | Tgat
CLO | (miy | um | faigue | EOTC) | EOLCC)
(min)
1.8 * _285 295 353 209
1.6 » 275 290 35.4 21.1
1.4 * 265 290 353 209
1.2 » 255 285 353 20.9
1.0 b 235 275 353 21.0
08 | * | 215 275 353 | 209
0.7 * 205 275 35.2 20.7
0.5 » 180 265 35.2 _20.8
0.3 * 160 255 35.1 20.8
02 | * [ 150 250 351 | 207
01 | 245 | 140 245 350 | 204
0.08 * 35 240 35.0 20.6
0.05 | 240 135 240 35.0 204
0.03 * 130 235 35.0 20.6
0.01 | 235 130 235 35.0 20.4

TABLE 14. Time (minutes) to reach critical temperatures and fatigue and T, and Tg at the end
of 409F CWI (EOI) for various foot CLO values (leg CLO = 0.6). *: Tiw Model
predicted fatigue before reaching critical temperature. Standard foot CLO = 0.5.

c. Figures 19-21 contain plots of Tge, Tcn and T, at foot CLOs from 0.01
t0 1.0. Though there was less temperature variation when varying foot 5LO as compared to the
above segments, the greatest change in T, and T, occurred between 0.1 and 1.0 CLO.
Changing foot CLO had little effect on Tg,. A linear regression of foot CLO versus time to
fatigue is described by

Time to fatigue = 33.88 x + 241.26 r2=0.94
where x = leg CLO (other segment CLOs held at standard values).
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FIGURE 18. Tre predictions for foot CLO ranging from 0.01 to 1.0
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5. Arm and hand segment

a. For all cases, T, and Ty did not reach critical levels. See Table 15 for
a summary of fatigue times and thermal predictions for the end of the CWI for Cases 1 to 3.

b. Results Case 1 (arm = hand CLO):

With an arm and hand CLO greater than 0.3, 6 hour CWI was
completed without fatigue at 40°F. Figure 22 shows a plot of arm and hand CLO vs time to
fatigue at 409F indicating a fairly linear drop at 0.3 CLO and below. The greatest drop was
between 0.1 and 0.3 CLO, during which the time to fatigue dropped by 70 minutes, compared to
a 50 minute drop at CLOs between 0.01 and 0.1. Overall, between 0.01 and 0.3 CLO, time to
fatigue decreased by 40 minutes for every 0.1 drop in CLO. Fatigue was reached after 335
munutes at 0.3 CLO and after 215 minutes at 0.01 CLO. A linear regression of arm and hand
CLO versus time to fatigue is described by

Time to fatigue = 396.7 x + 221.0 r2=0.98
where x = arm and hand CLO (other segment CLOs held at standard values).

Using this linear model, one would need to increase arm and hand CLO to 0.35 (350%
increase), while holding other segments at standard CLO values, in order to complete 360 minutes
at 409F without fatigue. Figures 23-25 contain plots of Ty, T, and Tg for CLO values from
0.01 and 0.3. As with the other segments, the greatest vanation in temperatures occurred
between 0.1 and 1.0 CLO.

¢. Results Case 2 (Vary arm and fix hand at 0.1 CLO):

Case 2 results were very similar to Case 1 except that with a 0.4
arm CLO, fatigue limit was reached just at the end of the 6 hour run. At CLO values greater than
0.4, 6 hour immersion runs were completed without fatigue. With the exception of the 0.4 arm
CLO run, fatigue times were identical between Cases 2 and 1. However, Case 2 T, fell to 35°C
or below somewhat later than in Case 1 (an average of 10 minutes later) prior to fatigue at CLO
values of 0.3 or less.

d. Resuits Case 3 (Vary hand and hold arm at 0.1 CLO):

Case 3 results were quite different from Cases 1 and 2. For hand
CLO values of 0.15 or less, fatigue was always reached after 265 minutes while immersed in 40°F
water. Therefore, it was found that, as anticipated, increasing hand CLO alone has no effect on
the overall ability to tolerate 40°F cold water immersion. Figures 26-28 contain plots of Tp,, Tep
and Tg for the different CLO values tested. There was very little variation in all temperatures at
the tested hand CLOs.

e. Results Case 4 (Vary hand and arm):

) ) i. The results with setting arm CLO at 0.4,0.8, 1.2, 1.6 and 2.0
while varying the hand CLO as in Case 3 were very similar to Case 1. Both T, and T, remained
above 35°C and fatigue limits were not reached after 6 hours. (At 0.4 arm CLO, fatigue actually
occurred at 360 minutes). At arm CLO less than 0.4, the results were essentially the same as in
Case 1 with at most a 5 minute variance in time for T, to reach 35°C. Therefore, the effect of
varying hand CLO on immersion time is minimal.
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CASE 1 (arm = hand) CASE 2 (vary arm)
CLO | Teq Timeto | Treat | Tgat Ten Timeto | Teat | Tgat
(min) fatigue EOl | EOI(°C) | (min) fatigue EOI EOI
(min) °0) (min) °C) °C)
2.0 nf _nf 353 25.1 nf nf 357 239
6 - - - - nf nf 35.7 23.7
5 nf nf 354 24.6 - - - -
.2 - - - - nf nf 35.6 235
.0 nf nf 354 240 - - - -
0.8 - - - - nf nf 35.6 23.1
0.5 nf_ nf 354 229 - - - -
0.4 - - - - * 360 353 22.0
0.3 300 335 35.2 22.0 320 335 353 21.7
0.2 240 305 35.2 214 255 305 352 | 213
0.1 180 265 35.2 20.8 180 265 35.2 20.8
0.05 160 245 35.1 20.2 155 245 35.1 203
0.03 150 235 35.1 20.2 - - - -
0.01 135 215 35.1 19.9 - - - -
CASE 3 (vary hand)
CLO Ten Timeto | Treat Ty at
fatigue EOI EOI (°C)
(min) ©°0)
0.15 175 265 35.2 209
0.1 180 2635 35.2 20.8
0.08 185 265 35.2 20.8
0.03 190 265 35.2 20.8
0.01 190 265 35.2 20.7

TABLE 15. Time (minutes) to reach critical temperatures and fatigue and T, and T, at the end
of 40°F CWI (EOI) for various arm and hand CLO values. nf: no fatigue after 6
hours; *: The Model predicted fatigue before reaching critical temperature; -: CLO
value not tested during that case. Standard arm and hand CLO = 0.1.

Table 16. Fatigue T and T, without helmets were equivalent at 28 and 40°F. Also, the

6. Head segment

a. Temperature predictions with and without a helmet are summarized in

difference in T, and T,, between the standard and the no helmet condition were relatively small.

However, comparable T between standard and no helmet conditions were greater. This
indicated the important contribution the head segment made to predicted Tg,.
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Water Timeto Critical Temp | Timeto | Fatigue Temp (°C)

Temp Condition Tre Ten Fatigue Tre Ten | Tsk

No helmet 125 75 335 349 1344 1173

| 289F Helmet * 105 (3] 351 [345 | 181
409F | No helmet | 205 110 210 350 {344 ]203

40°F Helmet * 180 265 352 1348 1210

TABLE 16. Time (minutes) to reach critical temperatures and fatigue and temperatures during
40°F CWI just prior to fatigue with or without wearing the standard USAF helmet.
*: The Model predicted fatigue before reaching critical temperature.

B. Physical, exercise and environmental characteristics assessment

1. Weight:

_ a. Table 17 summarizes the effects of increasing weight on time to reach
critical temperatures and fatigue, as well as heart rate and temperatures at fatigue. Tg did not
reach a critical level during these runs. The Model calculated a variety of parameters which
described the ability of the hypothetical man to store and remove heat. While changing body
segment CLO values did not effect these parameters, changing physical characteristics did.
Segmental heat transfer coefficients (HTC) were calculated by the Model to describe how
adjacent structures within the body exchanged heat with one another, e.g. between arterial and
venous blood pools. Standard values for HTC in 40°F water are given in Table 18. HTC were
2% greater at weights below 160 Ib and were 1% lower for the 50th percentile, 2% lower for 75th
percentile and 3.5% lower for the 95th percentile. The-Model also calculated the rate at which
heat was lost through the skin. At weights below 160 Ib, skin heat loss rate was lower lzg'
approximately 3.5%, while above 160 b, skin heat losses increased up to 6% for the 95
percentile. (Standard skin heat loss rate for the standard test condition ranged from 549 kcal/min
at 5 min in 40°F to 341 kcal/min at fatigue). The ability of the body to store heat was also
estimated and was effected by body weight. The stored heat content of the modelled 5th
percentile subject averaged 12% less than at 160 Ib, while the 95th percentile subject averaged
27% higher. (Standard stored heat content for the 160 Ib subject ranged from 2246 kcal at
immersion into 40°F to 1928 kcal at fatigue).

) b. At all tested body weights, 6 hour CWI were not completed prior to
fatigue. Time to fatigue decreased in a linear fashion, as described by the regression line
Time to fatigue = -1.15 x + 454.1 r2=0.95
where x = weight (other parameters held at standard values).
Figures 29-31 contain plots of T, T, and Tg predictions for various body weights. Ty
was effected to a lesser extent than T, and 'fm. For example, the fatigue level T, only ranged

from 21.1°C (at 140 Ib) to 20.6°C (at 204 Ib). In sum, individuals with lower weights are
predicted to tolerate CW1 longer than heavy people.

63




NAWCADWAR-92069-60

140 Ib (Sth)
37 —
160 Ib (STD)
—
u36.5 171 Ib (50th)
7] ——
3 36 184 ib (75th)
. -
4 {1 204 16 (asth)
O 35.5
35
34.5 lrrl’lII!Y;TITTIIVII'IllllIllrl;_TTTYlllll;"fllrrlI l![llllll;
0 50 100 150 200 250 300

40F CHI.

(-

Time to Fatigue (minutes)

FIGURE 29. Tre predictions uhile varying body weight during

40F CHI.

A

37.5 ¢
140 Ib (Sth,
37 4 —_ o
160 ib (STD)
36. 5 i ——
) 171 ib (50th)
u 36 —
g 184 Ib (75th)
o -
[ 35.5 204 |b (95th)
Q '--------.....__._...
35
—
3
34.5
34 ’Tl’l‘rill]’:l'mf'mllll’llf LA R ELRELENE THaryd lllr'lll";
8] <o) 100 150 200 250 300

Time to Fatigue (minutes)

FIGURE 30. Tecn predictions uhile varying body weight during

64




NAWCADWAR-93069-60

140 b (Sth)
160 Ib (STD)
——
171 b (S0th)
——
184 b (75th)
-
204 Ib (95th)

Q
[ ]
¢
[
~
o4
[}
(=]

bt

20 LA NSNS A N L RS AR AL AR RN R A EARERE SN

0 50 100 150 200 250 300
Time to Fatigue (minutes)

FIBURE 31. Tsk predictions uhile varying body weight during
40F CHI.

N —

—— e
e —

65




NAWCADWAR-93069-60

Weight Tre Ten Timeto | Initial | Max | Timeto | Tpeat Ty at

(ib) (min) (min) Fatigue HR HR Max HR | EOI (°C) | EOI (°C)
(min)

40 * s 300 59 L 354 210

160 - 180 265 65 %% 200 35.2 20.8

71 * 55 250 66 86 | 195 35.1 20.8

184 | 230 35 | 240 66 87 190 349 20.5

204 185 120 225 70 88 180 34 8 204

TABLE 17. Heart rates and time (minutes) to reach critical temperatures and fatigue and Ty, and
Ty at the end of 40°F CWI (EOI) with varying weights. Standard weight was 160
Ib. *: The Model predicted fatigue before reaching critical temperature.

" Body Segment | HIC (walt/ m2°C) |  Body Segment HTC (watt / m? °C)
che 988 7 __han 632.1
abdomen 1049.4 thigh 1807.7
bhqai 6.97 calf 924.3
iceps 1241 .8 foot 2248 8
forearm 1565.1

TABLE 18. Standard test condition body segment heat transfer coefficients.

2. Mean Skinfold Thickness (MST):

) a. As MST increased, predicted time to fatigue »nd starting heart rate
increased and maximum heart rate decreased. All segment HTC, surface and skin heat losses
increased at MST < 10 mm and decreased at MST > 10 mm. Stored heat content decreased at
MCT < 10 mm and increased at MST > 10 mm. Respiratory heat loss was less than standard at
MST =3 or S mm and about the same at MST ranging from 8 to 15 mm. See Table 19 for a
summary of results.

b. At all tested weights, 6 hour CWI were not completed prior to fatigue.
However, the higher the MST, the longer it took to reach fatigue, increasing in a linear fashion.
A linear regression line describing the function is given by:

Time to fatigue = 10.78 x + 160.6 r2=0.99
where x = MST (other parameters held at standard values).

) Based on this regression, a MST of at least 18.6 mm would be required to complete 360
minutes in 40°F water without reaching fatigue under the standard test conditions.

c. Figures 32-34 contain plots of T, T, and Tg,. As MST increased,
Tre, Ten and time to fatigue increased while Ty, decreased. Tg did not fall to critical levels
duringcﬁ'lese runs. Note that fatigue level temperatures were r%‘latively evenly distributed with
respect to MST.
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Tre Ten Timeto | Initial | Max | Timeto | Teat | Tga

MST | (min) | (min) | Fatgue | HR | HR | MaxHR | EOI (°C) | EOI (°C)

(mm) (min)

3 60 195 64 90 65 336 22.5
3 00 70 215 64 88 70 34.0 218
8 95 | 115 245 | 65 | 8 | 185 | 348 | 212
10 * 180 265 65 [E 200 35.2 20.8
2 * . 290 65 84 205 35.5 20.2
15 * * 325 66 83 235 36.0 19.7

TABLE 19. Heart rates and time (minutes) to reach critical temperatures and fatigue and T, and
T, at the end of 40°F CWI (EOI) with varying mean skinfold thicknesses. Standard
T was 10 mm. *: Model fatigued before reaching critical temperature.

3. Basal Metabolic Rate (BMR):

. a. As BMR increased, estimated starting and maximum heart rate
increased. The Model calculated the overall rate at which heat was generated for a given test
condition, including metabolic sources and the level of physical activity, including shivering. Heat
generation increased as long as shivering was maintained and dropped precipitously once the
ability to shiver was lost. The maximum rate of heat generation was 5% lower than the standard
test condition at BMR = 50 watts and slightly greater than standard at BMR greater than 100
watts (e.g. 2% higher at 150 watts). T did not fall to critical levels during these runs. Table 20
contains a summary of the results.

b. A 6 hour CWI was completed with BMR of 200 watts. Time to fatigue
was linearly related to BMR as given by

Time to fatigue = 1.45 x + 131.67 r2 =098

where x = BMR (other parameters held at standard values).

According to this equation, six hour CWI could be withstood without reaching fatigue with a
BMR of at least 159 watts under standard test conditions. Figures 35-37 contain plots of T, Tcq
and Tg. Note that T, and T,, at fatigue were relatively evenly distributed with respect to BMR.
The fatigue level T showed fess variation than the other temperatures - ranging from 20.89C (at

50 watts) to 21.5°C (at 200 watts).
BMR Tre Ten Timeto | Initial | Max | Timeto | T . at Tgy at
(watts) | (min) | (min) Fatigue HR HR | MaxHR | EOI (°C) | EOI(°C)
(min)

S0 185 95 210 60 80 170 349 20.7
100 - 180 265 65 85 200 35.2 20.8
150 * * 355 71 91 240 35.6 21.0
200 nf nf nf 71 97 290 36.4 21.5

TABLE 20. Heart rates and time (minutes) to reach critical temperatures and fatigue and T
t the end of 409F CWI (EOI) while varying basal metabolic rate. Standar
was 100 watts. *: Model predicted fatigue before reaching critical
temperature; nf: no fatigue after 6 hours.
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4. Exercise Metabolic Rate (EMR):

a. As EMR increased, there was a point of inflection between 100 and 250
BTU/hr. At 250 and 500 BTU/hr, the time to fatigue apparently increased, while the Model
stopped computations because the arterial temperature dropped to 32.5°C. This indicated that
the modelled individual would be in serious danger. Yet at 750 and 1000 BTU/hr, the Model
completed the 6 hour CWI. Because of the change in inflection of the fatigue times and the
reversal of declining trend in T, and T,, critical temperature times, Model outputs at 250
BTU/hr and above under standard test conditions are of questionable accuracy. Table 21 contains
a summary of the results.

b. Heat generation was estimated to be greater than the standard Model
output at all EMR greater than 1 BTU/hr. Predicted skin heat loss increased as EMR increased.
Only the HTC for the hand increased as EMR rose. Predicted Ty, remained above the 15°C limit
for all tested EMR.

EMR Tre Ten Timeto | Initial | Max | Timeto [ T, at Ty at
BTUMr) | (min) | (min) Fatigue HR HR | MaxHR | EOI (°C) | EOI (°C)
(min)

1 ~ 180 265 65 | 85 | 200 | 352
50 ® 135 250 62 87 | 190 | 35.0
100_[ 230 | 120 245 65 | 89 | 190 | 349
250 | 190 | 100 | 275+ | 67 | 94 | 180 | 334
500 | 245 | 100 | 295+ | 68 | 100 | 185 | 357 | 20
750 | 335 | 140 nf 65 1 105 | 200 | 339 | 212
1000 nf of nf 70 | 109 | 235 | 359 | 23.7

|t NLN

ol—|=ls
) —|~|oe

TABLE 21. Heart rates and time (minutes) to reach critical temperatures and fatigue and T, and
Ty at the end of 40°F CWI (EOI) with varying exercise metabolic rates. Standard
Ef\l/(ﬂl was 1 BTU/hr. *: Model fatigued before reaching critical temperature; nf: no
fatigue after 6 hours; +: Model reached 32.5°C arterial temperature and ceased

computation.

5. Exercise Metabolic Distribution (EMD):

a. Absolutely no difference was demonstrated in any Model end point for
any of the tested distributions under standard CLO and EMR conditions. Since negligible
exercise was included in the standard Model conditions, to further test EMD, these runs were
repeated using an exercise metabolic rate of 50 BTU/hr. Results from these tests are shown in
Table 22. When the arms contributed a greater proportion to overall exercise metabolism relative
to the legs, predicted time to fatigue shortened along with a decrease in Ty and T, and an
increase in T at fatigue. Time to reach critical T, was also predicted to deciease. Simulating
an increase in upper body exercise relative to the lower body (run D) differed slightly from
standard distribution at 50 BTU/hr (difference in T at fatigue was only 0.1%).
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EMD Tre Ten Timeto | Initial | Max | Timeto | Treat | Tgat
Class | (min) | (min) Fatigue HR HR | MaxHR | EOI (°C) | EOI (°C)
(min)
prme——— - ——
|_STD * 1 263 65 1| 85 | 200 | 352 | 208 |
STDS0 * 138 _250 62 | 87 90 35.0 21.1
A [ 239 25 | 244 66 88 95 35.0 21.2 |
B 225 10 240 65 88 90 39 | 212
C 210 115 236 65 88 190 349 21.2
D 246 30 247 65 88 190 35.0 21.1

TABLE 22. Heart rates (HR), time (minutes) to reach critical temperatures and fatigue and T,
and Tg; at the end of 40°F CWI (EOI) while varying E}MD (defined in Table 11)
with an EMR of 50 BTU/hr. STD: standard distribution; STD50: standard
distribution at EMR = 50 BTU/hr; *: Model predicted fatigue before reaching
critical temperature.

6. Wind speed (WSPD):

a. As WSPD increased, estimated time to fatigue remained at 265 minutes
(at 10 mph and greater, fatigue occurred at 260 minutes). Predicted starting and maximum heart
rates were essentially unchanged. All HTC were greater than standard - at 8 mph and above, the
increase was at least twofold. Skin heat loss rate was slightly greater than under standard Model
conditions. Loss of heat through the respiratory tract was unchanged. Critical T, and T, were
not reached prior to fatigue. T, reached 35°C after 180 minutes (4 and 6 mph) and 175 minutes
(8 mph and above). Plots of these temperatures show essentially no effect of wind at these speeds
during head-out immersion. Note that running the Model with a zero wind speed produced
invalid results. Calculated CLO values were unreasonably large, essentially no shivering occurred
during 6 hours of 40°F CWI, HTCs were very small, surface and skin heat loss and heat
generation were very low and the Model predicted that sweat would be generated (Model variable
SWEAT was non-zero).

) b. In cold air environments, however, wind speed may become an
important factor in an individual's ability to tolerate cold stress. The Model accounts for the
lower thermal conductivity of air relative to water by increasing effective CLO values and
reducing segment convective HTC. To accommodate the effects of increasing wind speed, the
Model proportionately modulates these changes, resulting in smaller increases in CLO and less
reduction in HTC. For example, the effective segment CLO values in water and air (wind speed
at 2 mph) are as follows:

| Segment; Chest | Abdomen | Head Am | Hand | Leg Foo

Wet CLO: | 0.81 0.81 4.16 0.10 0.10 061 0.50
Air CLO: 1.40 1.39 4.85 0.55 0.50 1.15 0.98

With a 40 mph WSPD in air, effective segment CLO values became:

egment: | Chest | Abdomen | Head | Arm | Hand | Leg | Foot
Air CLO:_|_ 091 0.91 426 | 018 | 0.17 | 0.70 | 0.59
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7. Comparison of Model predictions at 28 and 40°F water temperatures

Figures 38-45 contain graphs of segment temperature change versus time
to fatigue using the standard 62/P configuration, including arterial, head, chest, abdomen, upper
arm, forearm, thigh and calf temperatures plotted at both water temperatures. The overall shapes
of the curves at 28 and 40°F were essentially the same - except that the 289F temperatures were
lower and the time to fatigue was shorter than the 40°F run.

IV. DISCUSSION
A. Segment CLO Assessment

1. Estimated thermal end points were effected by changes in body segment CLO.
When ordered from most to least sensitive, these were the chest and abdomen, leg, head, arm,
foot and hand. As CLO values were reduced, the change in leg, chest and abdomen, and arm
segment temperatures, T, , Tgy and T, were fairly linearly distributed. Change in foot CLO
values from 0.01 to 1.0 had reiatively little effect on Tg,. Thermal endpoints based on foot
insulation values were also less sensitive to very low CLOs (<0.1) as compared to the other body
sefslgments (excluding the hands). Varyin: hand CLOs between 0.01 to 0.15 had no effect
whatsoever. :

2. Based on Model predictions, one needed to increase lower limb insulation to a
relatively smaller degree, as compared to the chest and abdomen, to achieve the 6 hour CWI goal.
When related to standard CLO values, it required an increase ... chest and abdomen CLO of 0.9
(113% increase) as compared to a 0.35 increase (350%) in arm and hand CLO and 2 0.5 t0 0.6
increase (83 to 100%) in leg CLO. An optimal distribution of insulation covering the various
body regions would judiciously apply these results giving due consideration to the effects
increased bulk would have on dexterity and comfort in flight.

3. The only segments in these CLO tests in which T reached 15°C or less in
40°F water were the abdomen and chest, suggesting that the skin of the torso was less resistant to
CWI than the limbs. However, the results from the head coverage runs indicated that the major
drivers for Ty, were (in order) the head, the torso, then the legs. This result was somewhat
surpnsing given that the Model used the Hardy-Dubois equation to calculate Tg, which uses a
weighted sum given by

Tek = 0.27 Tepeq + 0.16 T_}high +0.16 Tgie+ 0.11 Thand + 0.09 Tapgomen *+ 0-07 Thead +

0.07 Tbiceps +0.07 Tgorearm

B. Physical, Exercise and Environmental Characteristics Assessment

1. The Model was the most sensitive to changes in mean skinfold thickness in
terms of its effect on both temperature magnitude and time to fatigue. As MST increased, so did
the predicted ability to tolerate cold water stress. The Model estimated that an individual with a
MST of 18.6 mm or greater would tolerate a 6 hour CWI under the standard conditions.

o 2. Increasing body weight reduced estimated cold water tolerance. For
individuals in the 75th weight percentile, T, was predicted to drop below critical levels while
immersed in 40°F water, while the T, of lighter weight people remained above 35°C. Predicted
Ty was relatively insensitive to changes in body weight. From the 5t to the 95th percentile,
estimated T, only dropped by about 0.5°C. These results suggest that individuals with low body
weight and linigh MST (such as females) should have a higher tolerance to CWI.
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3. Since time to fatigue was directly related to the ability of the metabolism to
continue to shiver, changes in basal metabolic rate also directly effected Model performance. As
BMR increased, T, and T, rose and 6 hour CWI could theoretically be withstood with a BMR
of 159 watts. However, Tg was relatively insensitive to changes in BMR. As BMR increased
from 50 to 200 watts, Ty only rose 0.7°C.

4. It was found that under the conditions tested in this study, one could not
increase the simulated exercise metabolic rate beyond 100 BTU/hr with reliable results. As EMR
was increased up to 100 BTU/hr, time to fatigue and T, dropped. This was to be expected given
that fatigue was tied directly to ability of the body to continue to shiver and generate heat
internally. Therefore, a higher EMR may expend metabolic reserves more quickly as compared to
the standard condition.

5. Changing the exercise metabolic distribution had no effect, as expected, while
in a relaxed sitting posture. In this one case, we varied two parameters together to determine the
effects of EMD by running the four distributions with an EMR of 50 BTU/hr. It was found that
as the arms performed more of the simulated work relative to the legs, fatigue occurred more
quickly, T, dropped and reached critical levels faster. Model output predictions were roughly
equal for the case of primarily upper body exercise versus primarily leg exercise.

6. The relative insensitivity to increasing wind speed was expected under

. conditions of head-out CWI. This was due to the much greater thermal conductivity of water as
compared to air. In effect, the ability of the water to extract heat from the subject eliminated any
effects of high wind speed.
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FIGURE 39. Predicted head temperature under standard test
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FIGURE 41. Predicted abdomen temperature under standard test
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FIGURE 42. Predicted upper arm temperature under standard test
conditions during 28 and 40F CHI.
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APPENDIX A

MODEL VALIDATION PREDICTIONS BASED
ON FINNISH IMMERSION DATA3-6
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NUMAM SUBJECT No.: 1 SEX: Male NODEL PREDICTIONS for SUBJECT No.: 1
SUIT: FITZ WRIGHT  WATER TEMP: 31.46 deg F
TIME ABDOMEN MAND  FOOT |ABDOMEN NAND  FOOT ABDOMEM MAND  FOOT |ABDOMEN HAND  FOOT
ain (Actual temp.) | (Change in tesp.) (Estimated tesp.) | (Change in tesp.)
............................ eeceemeeaceseesmeeameeeeeen-eemsesescasecaceescacpraneesseranneneesnnen
0 34.20 30.80 30.80 | 0.00 0.00 0.00 3%.75 32.70 35.77 | 0.00 0.00 0.00
15 33.50 29.30 29.80 | -0.70 -1.50 -1.00 32.62 26.27 31.13 | -2.13 -6.43 -4.64
33.00 26.40 29.50 | -1.20 -4.40 -1.30 31.10 23.29 29.21 | -3.65 -9.41 -6.56
45 32.20 26.20 28.50 | -2.00 -6.60 -2.30 30.51 20.84 27.78 | -4.26 -11.86 -7.99
31.60 22.80 27.00 | -2.60 -8.00 -3.80 30.28 18.77 26.58 | -4.47 -13.93 -9.19
31.10 21.40 26.20 | -3.10 -9.40 -4.80 30.16 17.01 25.53 | -4.59 -15.69 -10.24
90 31.10 21.60 24.30 | -3.10 -9.20 -6.50 30.11 15.51 24.61 | -4.64 -17.19 -11.16
105 30.60 20.60 22.40 | -Z.60 -10.20 -8.40 30,12 14.26 23.81 | -4.63 -18.44 -11.96
120 30.80 21.20 20.90 | -3.40 -9.60 -9.90 30.15 13.2% 23.11 | -4.60 -19.49 -12.66
135 30.80 19.50 19.00 | -3.40 -11.30 -11.80 30.19 12.34 22.49 | -4.56 -20.36 -13.28
150 30.90 19.50 17.50 | -3.30 -11.30 -13.30 30.23 11.62 21.95 | -4.52 -21.08 -13.82
165 30.40 18.50 17.00 | ~3.60 -12.30 -13.80 30.27 11.02 21.48 | -4.48 -21.68 -14.29
180 31.00 18.00 16.00 | -3.20 -12.80 -%4.80 30.30 10.53 21.07 | -4.45 -22.17 -14.70
195 30.60 16.00 16.00 | -3.60 -14.80 -14.80 30.32 10.11 20.70 | -4.43 -22.59 -15.07
210 31.10 16.50 15.50 | -3.10 -14.30 -15.30 30.36 9.77 20.38 | -4.41 -22.93 -15.39
225 30.70 15.00 16.50 | -3.50 -15.80 -14.30 30.36 9.49 20.10 | -4.39 -23.21 -15.67
240 31.10 16.50 16.50 | -3.10 -14.30 -14.30 30.37 9.26 19.86 | -4.38 -23.44 ~15.91
255 31.10 14.80 17.00 | -3.10 -16.00 -13.80 30.38 9.06 19.64 | -4.37 -23.64 -16.13
270 30.90 16.00 16.00 | -3.30 -14.80 -14.80 30.39 8.90 19.45 | -4.36 -23.80 -16.32
285 30.30 14.00 15.50 | -3.40 -16.80 -15.30 30.40 8.77 19.28 | -4.35 -23.93 -16.49
300 3t1.00 15.00 15.50 | -3.20 -15.80 -15.30 30.61  8.65 19.13 | -4.34 -24.05 -16.64
315 31.20 13.00 15.50 | -3.00 -17.80 -15.30 30.41 8.56 19.00 | -4.34 -24.14 -16.77
330 31.80 13.00 15.00 | -2.40 -17.80 -15.80 30.41 8.49 18.88 | -4.34 -24.21 -16.89
345 32.20 11.50 14.50 | -2.00 -19.30 -16.30 30.42 8.42 18.78 | -4.33 -264.28 -16.99
360 32.50 12.50 14.50 | -1.70 -18.30 -16.30 30.42 8.37 18.68 | -4.33 -26.33 -17.09

TABLE Al. Comparison of human abdomen, hand and foot temperatures (degrees C) from Pelapu 1 with
Model predictions. Actual temperatures and change from initial temperatures are given.
Data from group P1-é6m: male subjects completing entire 360 minute immersion.




NUMAN SUBJECT No.: 3 SEX: Male MODEL PREDICTIONS for SUBJECT No.: 3
SUIT: BAYLEY WATER TEMP: 31.46 deg F
TIME ABDOMEN HANO FOOT |ABDOMEN HAND  FOOT ABDOMEN MAND  FOOT [ABDOMEN MAND  FQOT
min (Actual temp.) | (Change in temp.) (Estimated temp.) | (Change in temp.)
............................ eemeeetaeccaescmceacenemeeesaneeatmacaceeennanncadenanecacaeaeeeancnn
0 31.10 28.10 31.10 | 0.00 0.00 0.00 34.75 32.70 35.77 | 6.00 0.00 0.00
15 30.10 26.30 31.00 | -1.00 -1.80 -0.10 32.61 26.25 31.12 | -2.14 -6.45 -4.65
30 30.20 2¢.80 30.70 | -0.90 -3.30 -0.40 31.07 23.22 29.20 | -3.68 -9.48 -6.57
45 29.20 23.20 30.30 | <1.90 -4.90 -0.30 30.47 20.76 27.78 | -4.28 -11.9% -7.99
60 28.70 23.00 29.70 | -2.40 -5.10 -1.40 30.22 18.67 26.57 | -4.53 -14.03 -9.20
75 28.90 21.70 28.40 | -2.20 -6.40 -2.70 30.09 16.90 25.52 | -4.66 -15.80 -10.25
90 28.40 20.20 27.80 | -2.70 -7.90 -3.50 30.06 15.461 26.62 | -4.7Y -17.29 -11.15
105 28.80 19.00 26.80 | -2.30 -9.10 -4.30 30.05 14.13 23.83 | -4.70 -18.57 -11.9%
120 29.20 18.50 26.60 | -1.90 -9.60 -4.50 30.08 13.09 23.15 | -4.67 -19.61 -12.62
135 29.20 16.50 24.70 | -1.90 -11.60 -6.40 30.13 12,22 22.55 | -4.62 -20.48 -13.22
150 29.30 16.50 23.70 | -1.80 -11.60 -7.40 30.17 11.49 22.02 | -4.58 -21.21 -13.75
165 29.30 15.00 22.70 | -1.80 -13.10 -8.40 30.20 10.90 21.57 | -4.55 -21.80 -14.20
180 29.40 13.50 21.00 | -1.70 -14.60 -10.10 30.26 10.47 21.17 | -4.51 -22.29 -14.60
195 29.30 12.50 20.10 | -1.80 -15.60 -11.00 30.26 10.01 20.82 | -4.49 -22.69 -14.95
210 29.40 12.50 19.50 | -1.70 -15.60 -11.60 30.28 9.67 20.51 | -4.47 -23.03 -15.26
225 29.60 13.00 19.00 | -1.50 -15.10 -12.10 30.30 9.40 20.26 | -4.45 -23.30 -15.53
240 29.40 13.00 19.50 | -1.70 -15.10 -11.60 30.31 9.17 20.01 | -4.44 -23.53 -15.76
255 29.20 13.20 21.40 | -1.90 -14.90 -9.70 30.33 8.98 19.80 | -4.42 -23.72 -15.97
270 29.20 13.00 21.20 | -1.90 -15.10 -9.90 30.33 8.83 19.62 | -4.42 -23.87 -16.15
285 28.80 12.56 20.90 | -2.30 -15.60 -10.20 30.36 B8.70 19.46 | -4.41 -26.00 -16.31
300 29.10 13.00 19.50 | -2.00 -15.10 -11.40 30.35 8.59 19.32 | -4.40 -26.11 -16.45
315 29.10 13.00 19.00 | -2.00 -15.10 -12.10 30.35 8.51 19.19 | -4.40 -24.19 -16.58
330 29.10 12.50 18.00 | -2.00 -15.60 -13.10 30.36 8.43 19.08 | -4.39 -24.27 -16.69
345 29.10 12.50 17.00 | -2.00 -15.60 -14.10 30.36 8.38 18.99 | -4.39 -24.32 -16.78
360 29.30 12.50 17.50 | -1.80 -15.60 -13.60 30.36 8.33 18.90 | -4.39 -26.37 -16.87
TABLE A2. Comparison of human abdomen, hand and foot temperatures (degrees C) from Pelapu 1 with

Model predictions.

NAWCADWAR-93069-60

Actual temperatures and change from initial temperatures are given.

Data from group P1-6m: male subjects completing entire 360 minute immersion.
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WUMAN SUBJECT No.: é SEX: Male MODEL PREDICTIONS for SUBJECT No.: 6
SUlT: NORD 15 WATER TEMP: 31.46 deg F

TIME  AGDOMEN NAND  FOOT |ABDOMEN HAND  FOOT ABDOMEN NAND FOOT |ABDOMEN NAND  FOOT
ain (Actual temp.) | (Change in tesp.) (Estimated temp.) | (Change in temp.)
cemeeemeeecencceececcenmeeeonn e etmeeceecceeeseeeseceeseacnascescaaceanmaenonaan eccmccrecsaancenseenn
0 31.350 30.40 27.80 | 0.00 0.00 0,00 3,.75 32.70 35.77 | 0.00 0.00 0.00
15 31.10 27.80 25.10 | -0.40 -2.60 -2.70 32.70 26.27 31.15 | -2.05 -6.43 -4.62
30 31.00 25.30 25.80 | -0.50 -5.10 -2.00 31.20 23.22 29.21 | -3.55 -9.48 -6.56
45 31.60 22.40 26.40 | 0.10 -8.00 -3.40 30.62 20.75 27.79 | -6.13 -11.95 -7.98
60 31.90 20.40 23.40 | 0.40 -10.00 -4.40 30.41 18.65 26.58 | -4.34 -14.05 -9.19
75 31.50 19.00 22.70 | 0.00 -11.40 -5.10 30.32 16.87 25.53 | -4.43 -15.83 -10.2¢
90 31.10 18.00 20.90 | -0.40 -12.40 -6.90 30.30 15.37 26.63 | -4.45 -17.33 -11.1%
105 31.10 17.00 18.00 | -0.40 -13.40 -9.80 30.32 14.09 23.84 | -4.43 -18.61 -11.93
120 31.00 17.00 17.50 | -0.50 -13.40 -10.30 30.37 13.04 23.16 | -4.38 -19.66 -12.61
135 30.80 16.00 15.00 | -0.70 -14.40 -12.80 30.42 12,17 22.56 | -4.33 -20.53 -13.21
150 30.50 17.00 14.50 | -1.00 -13.40 -13.30 30.46 11.45 22.06 | -4.29 -21.25 -13.73
165 30.20 16.00 13.50 | -1.30 -14.40 -14.30 30.50 10.86 21.58 | -4.25 -21.8 -14.19
180 30.00 16.00 13.50 | -1.50 -14.40 -14.30 30.53 10.36 21.19 | -4.22 -22.34 -14.58
195 30.10 17.00 12.50 | -1.40 -13.40 -15.30 30.56 9.96 20.84 | -4.19 -22.74 -14.93
210 30.50 15.00 12.00 | -1.00 -15.40 -15.80 30.58 9.63 20.56 | -4.17 -23.07 -15.3
225 29.90 15.00 12.00 | -1.60 -15.40 -15.80 30.59 9.35 20.27 | -4.16 -23.35 -15.50
240 30.10 15.50 12.00 | -1.40 -14.90 -15.80 30.61 9.13 20.04 | -4.14 -23.57 -15.73
255 30.20 14.70 11.30 | -1.30 -15.70 -16.50 30.62 8.94 19.86 | -4.13 -23.76 -15.93
270 30.10 14.20 11,30 | -1.40 -16.20 -16.50 30.63 8.79 19.66 | -4.12 -23.91 -16.11
285 30.50 13.50 11.50 | -1.00 -16.90 -16.30 30.66 8.66 19.50 | -4.11 -26.04 -16.27
300 31.00 12.50 11.50 | -0.50 -17.90 -16.30 30.64 8.56 19.36 | -4.11 -26.14 -16.41
315 30.30 12.50 11.50 | -1.20 -17.90 -16.30 30.65 8.47 19.24 | -4.10 -26.23 -16.53
330 31.00 12.00 11.00 | -0.50 -18.40 -16.80 30.65 B8.40 19.13 ) -4.10 -24.30 -16.64
345 30.40 11.00 10.00 | -1.10 -19.40 -17.80 30.65 B8.346 19.06 | ~4.10 -24.36 -16.73
360 30.40 11.50 10.00 | -1.10 -18.90 -17.80 30.65 8.29 18.96 | -4.10 -26.41 -16.81

TABLE A3. Comparison of human abdomen, hand and foot temperatures (degrees C) from Pelapu 1 with
Model predictions. Actual temperatures snd change from initial temperatures are given.
Data from group P1-6m: male subjects completing entire 360 minute immersion.

A-3




L

NAWCADWAR-93069-60
NUMAN SUBJECT No.: 8 SEX: Male MODEL PREDICYIONS for SUBJECT No.: 8
SUIT: [IMPERIAL WATER TEMP: 31.28 deg f
TIME ABDOMEN HANMD  FOOT |ABDOMEN HAND  FOOT ABDOMEN HAND FOOT [ABDOMEN WAMO  FOOT
min (Actual tesp.) | (Change in tesp.) (Estimated temp.) | (Change in temp.)
............................ e eceecceacescasecmacesnmtereesamaeaeeen e aeeahemeeacaenennnnoaeree
0 31.60 30.20 29.20 | 0.00 0.00 0.00 3%.75 32.69 35.76 | 0.00 0.00 0.00
15 30.90 28.60 28.00 | -0.70 -1.60 -1.20 32.06 26.22 31.10 | -2.71 -6.47 -4.66
30 30.50 26.20 26.50 | -1.10 -4.00 -2.70 30.37 23.24 29.21 | -4.38 -9.45 -6.55
45 29.90 22.70 25.20 | -1.70 -7.50 -4.00 29.564 20.82 27.78 | -5.21 -11.87 -7.98 .
40 29.90 21.00 2.10 | -1.,70 -9.20 -S.10 29.05 18.7S 26.57 | -5.70 -13.9%¢ -9.19
75 29.40 17.50 23.50 | -2.20 -12.70 -5.70 28.76 16.99 25.5 | -6.01 -15.70 -10.22
90 28.00 17.50 22.80 | -3.60 -12.70 -6.40 28.55 15.51 24.64 | -6.20 -17.18 -11.12
105 28.20 15.00 21.80 | -3.40 -15.20 -7.40 28.46 14,26 23.85 | -6.31 -18.43 -11.9 ‘
120 29.30 13.60 21.00 | -2.30 -16.60 -8.20 28.39 13.23 23.16 | -6.36 -19.46 -12.60
135 29.50 12.40 20.20 | -2.10 -17.80 -9.00 28.37 12.37 22.55 | -6.38 -20.32 -13.21
150 28.30 12.00 19.00 | -3.30 -18.20 -10.20 28.37 11.65 22.02 | -6.38 -21.04 -13.74
165 26.10 12.50 19.00 | -5.50 -17.70 -10.20 28.38 11.06 21.55 | -6.37 -21.63 -14.21
180 28.60 12.00 17.00 | -3.00 -18.20 -12.20 28.39 10.57 21.13 | -6.36 -22.12 -14.63
195 28.00 12.00 17.50 | -3.60 -18.20 -11.70 28.41 10.16 20.77 | -6.34 -22.53 -14.99
210 27.50 12.50 17.50 | -4.10 -17.70 -11.70 28.42 9.82 20.45 | -6.33 -22.87 -15.31
225 27.60 12.50 17.00 | -4.00 -17.70 -12.20 28.46 9.54 20.16 | -6.31 -23.15 -15.60
240 27.80 12.50 17.50 | -3.80 -17.70 -11.70 28.45 9.31 19.91 | -6.30 -23.38 -15.85
255 27.80 12.50 18.00 | -3.80 -17.70 -11.20 28.47 9.11 19.68 | -6.28 -23.58 -16.08
270 28.20 12.50 19.00 | -3.40 -17.70 -10.20 28.48 B.96 19.49 | -6.27 -23.75 -16.27
285 27.90 12.50 19.00 | -3.70 -17.70 -10.20 28.48 8.82 19.31 | -6.27 -23.87 -16.45
300 27.80 12.00 18.50 | -3.80 -18.20 -10.70 28.49 8.71 19.15 | -6.26 -23.98 -16.81
315 28.30 12.10 18.50 ] -3.30 -18.10 -10.70 28.50 8.62 19.02 | -6.25 -24.07 -16.74
330 28.70 12.00 18.00 ] -2.90 -18.20 -11.20 28.50 8.54 18.89 | -6.25 -24.15 -16.87
345 28.70 12.00 17.50 | -2.90 -18.20 -11.70 28.51 B8.48 18.78 | -6.24 -24.21 -16.98
340 28.70 12.50 17.00 ] -2.90 -17.70 -12.20 28.51 B8.43 18.469 | -6.24 -24.26 -17.07

TABLE A4. Comparison of human abdomen, hand and foot temperatures (degrees C) from Pelapu 1 with
Model predictions. Actual temperatures and change from initial temperatures are given.
Data from group P1-6m: male subjects completing entire 360 minute immersion.




NAWCADWAR-93069-60

WUMAN SUBJECT No.: 13 SEX: Male

SUIT: BAYLEY WATER TEMP: 31.01 deg F
TIME ASDOMEN HAND FOOT |ABDOMEN HAND  FQOT
ain (Actusl temp.) | (Chenge in tesmp.)
............................ -
0 32.80 29.20 28.%0 | 0.00 0.00 0.00
15 32.50 27.50 28.30 | -0.30 -1.70 -0.50
30 32.40 26.20 27.90 | -0.40 -3.00 -0.90
45 32.30 23.20 26.60 | -0.50 -6.00 -2.20
60 32.40 22.50 25.80 | -0.40 -6.70 -3.C0
75 32.40 21.40 26.00 | -0.40 -7.80 -4.80
90 32.30 20.90 24.30 | -0.50 -8.30 -4.50
105 32.30 19.20 23.50 | -0.50 -10.00 -5.3J
120 32.50 18.50 23.40 | -0.30 -10.70 -5.40
135 32.50 17.40 24.50 | -0.30 -11.80 -4.30
150 32.50 15.70 24.50 | -0.30 -13.50 -4.30
165 32.50 15.10 26.50 | -0.30 -14.10 -2.30
180 31.50 15.00 27.10 | -1.30 -14.20 -1.70
195 30.70 14.50 27.20 | -2.10 -14.70 -1.60
210 30.30 14.00 25.80 | -2.50 -15.20 -3.00
225 30.30 13.90 24.90 | -2.50 -15.30 -3.90
240 30.90 14.50 25.30 | -1.90 -14.70 -3.50
255 30.90 14.00 26.10 ] -1.90 -15.20 -2.70
270 30.80 13.50 25.30 | -2.00 -15.70 -3.50
285 30.90 12.90 24.50 | -1.90 -16.30 -4.30
300 31.10 12.50 23.90 | -1.70 -16.70 -4.90
315 31.50 12.90 22.70 ] -1.30 -16.30 -6.10
330 32.10 12.40 21.90 | -0.70 -16.80 -4.90
345 32.00 12.00 21.40 | -0.80 -17.20 -7.20
360 31.70 12.00 2%.10 | -1.10 -17.20 -7.70
TABLE AS,

MODEL PREDICTIONS for SUBJECT Neo.:

ABDOMEN WAND  FOOT
(Estimated temp.) |

35.77 |

13

|ABDOMEN MAND  FOOT

(Change in tesp.)

0.00
2.n
-4.26
~4.97
-5.38
-5.62
-5.76
-5.83
-5.86
-5.86
*5.84
-5.82
-5.80
-5.78
-5.76
-5.75
-5.74
-5.7
5.7
-5.7n
-5.70
-5.70
-5.69
-5.69
-5.69

0.00
-6.48
-9.4k

-11.8
-13.90
-15.66
-17.14
-18.39
-19.42
-20.29
-21.02
-21.82
-2.13
-22.55
-22.90
~23.19
-23.44
~23.66
-23.81
-23.96
-24.08
-26.17
-24.26
-26.33
-26.38

Comparison of human abdomen, hand and foot temperatures (degrees ) from Pelapu 1 with

Model predictions. Actual temperatures snd change from initial temperatures are given.
Data from group P1-4m: male subjects completing entire 360 minute immersion.
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HUMAN SUBJECT No.: 2
HELLY NHANSON WATER TENP: 31.64 deg F
TIME  ABDOMEN HAND  FOOT |ABDOMEN WAND  FCOT

SULT:

min

838

105
120
135
150
165
180
195
210
225
240
255
270
285
300
315
330
345
360

TABLE A6.

(Actual temp.) |

SEX: Female

NAWCADWAR-93069-60

(Change in temp.)

ABDOMEN HAND
(Estimated temp.) |

0.00 ©.00 0.00 34.75 32.69
-0.80 -1.10 -1.20 31.93 26.16
-1.20 -1.90 -3.40 30.17 23.25
-2.40 -3.30 -4.00 29.17 20.90
-2.70 -4.30 -4.30 28.53 18.90
-3.60 -5.20 -3.50 28.11 17.19
-3.10 -4.30 -4.40 27.82 15.74
-3.70 -6.00 -5.60 27.61 14.52
-3.90 -6.00 -6.70 27.46 13.51
-4.30 -7.00 -7.60 27.36 12.66
-3.70 -8.00 -8.40 27.29 11.94
-3.70 -8.90 -9.40 27.25 11.36
-3.40 -8.40 -9.90 27.23 10.86
-3.50 -9.10 -9.90 27.22 10.46
-3.50 -9.90 -10.40 27.21 10.11
-3.80 -11.40 -10.40 27.22 9.83
-3.70 -11.40 -10.40 27.22  9.59
-3.60 -11.90 -10.40 27.23  9.39
-3.30 -11.70 -11.00 27.23 9.23
-2.60 -11.90 -11.40 . 27.26 9.09
-2.00 -12.40 -11.40 27.25 8.98
-1.50 -12.90 -12.40 27.25 8.89
-1.00 -12.50 -12.40 2r.26 8.8t
-0.90 -13.40 -13.40 27.26 8.74
-4.50 -13.40 -13.90 27.27 8.69

FOOT

MODEL PREDICTIONS for SUBJECT No.: 2

|ABDOMEN HAND  FOOT
(Change in temp.)

0.00
-2.82
-4.58
-5.58
-6.22
-6.64
<6.93
-7.14
-7.29
-7.39
-7.46
-7.50
-7.52
-7.53
-7.54
-7.53
-7.53
«7.52
-7.52
-7.51
-7.50
-7.50
-7.49
-7.49
-7.48

-15.50 -10.19
-16.95 -11.06
-18.17 -11.84
-19.18 -12.31
-20.03 -13.12
-20.75 -13.65
-21.33 -14.12
-21.83 -14.54
-22.23 -14.90
-22.58 -15.23
-22.86 -15.52
-23.10 -15.78
-23.30 -16.01
<23.46 -16.21
<23.60 -16.39
-23.71 -16.55
-23.80 -16.70
-23.88 -16.83
-23.95 -16.94
-26.00 -17.04

Comparison of human abdomen, hand and foot temperatures (degrees C) from Pelapu 1 with
Actual temperatures and change from initial temperatures are given.
Data from group P1-4f: female subjects completing entire 360 minute immersion.

Model predictions.
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NAWCADWAR-93069-60

NUMAN SUBJECT No.: S SEX: Female MODEL PREDICTIONS for SUBJECT Mo.: 5
SUIT: BAYLEY WATER TEMP: 31.28 deg F
TIME ABDOMEN WAND  FOOT |ABDOMEN HAND  FOOT ABDOMEN HAND  FOOT |ABDOMEN WAND  FOOT
min (Actual temp.) | (Change in temp.) (Estimated temp.) | (Change in temp.)
............................ e e etemcececceamesemeescesesecteecenconmacenscdoennaenesanenenananne
0 32.80 26.30 30.50 [ 0.00 0.00 0.00 34.75 32.69 35.76 | 0.00 0.00 0.00
15 32.00 24.40 29.10 | -0.80 -1.90 -1.40 31.79 26.00 30.8 | -2.96 -6.89 -4.92
30 31.70 23.10 28.20 | -1.10 -3.20 -2.30 30.00 23.16 28.97 | -4.75 -9.53 -6.79
45 31.60 23.40 30.10 | -1.20 -2.90 -0.40 28.92 20.87 27.59 | -5.83 -11.82 -8.17
60 31.20 21.20 31.10 | -1.60 -5.10 0.40 28.20 18.91 26.44 | -6.55 -13.78 -9.32
75 30.80 16.00 27.30 | -2.00 -10.30 -3.20 27.70 17.22 25.45 | -7.05 -15.47 -10.3%
90 30.20 15.00 30.20 | -2.60 -11.30 -0.30 27.34 15.80 24.59 | -7.41 -16.89 -11.17
105 30.40 14.50 26.40 | -2.40 -11.80 -4.10 27.08 14.60 23.83 | -7.67 -18.09 -11.93
120 29.60 13.00 25.60 | -3.20 -13.30 -4.90 26.89 13.59 23.16 | -7.86 -19.10 -12.60
135 29.20 12.50 24.00 | -3.60 -13.80 -6.50 26.764 12.764 22,56 | -8.01 -19.95 -13.20
150 29.20 11.80 23.60 | -3.60 -14.50 -6.90 26.63 12.03 22.02 | -8.12 -20.66 -13.74
165 29.10 11.50 22.00 | -3.70 -14.80 -8.50 26.54 11.46 21.54 | -8.21 -21.25 -14.22
180 29.00 11.00 21.20 | -3.80 -15.30 -9.30 26.48 10.93 21.10 | -8.27 -21.76 -14.66
195 29.40 11.00 19.00 | -3.40 -15.30 -11,50 26.43 10.52 20.72 | -8.32 -22.17 -15.04
210 29.50 10.50 17.00 | -3.30 -15.80 -13.50 26.39 10.16 20.38 | -8.36 -22.53 -15.38
225 29.30 10.00 17.00 | -3.50 -16.30 -13.50 26.37 9.8 20.07 | -8.38 -22.83 -15.49
240 29.20 10.50 16.00 | -3.60 -15.80 -14.50 26.36 9.61 19.80 | -8.39 -23.08 -15.96
255 28.90 10.50 15.00 | -3.90 -15.80 -15.50 26.35 9.40 19.56 | -8.40 -23.29 -16.20
270 28.30 10.50 14.50 | -4.50 -15.80 -16.00 26.364 9.23 19.35 | -8.41 -23.46 -16.41
285 27.90 10.50 14.50 | -64.90 -15.80 -16.00 26.34 9.08 19.15 | -8.41 -23.61 -16.61
300 27.90 10.50 14.50 | -4.90 -15.80 -16.00 26.34 8.95 .4.98 | -8.41 -23.74 -16.78
315 28.00 10.50 14.50 | -4.80 -15.80 -16.00 26.34 8.85 18.83 | -8.41 -23.84 -16.93
330 27.90 10.00 14.50 | -4.90 -16.30 -16.00 26.35 8.76 18.69 | -8.40 -23.93 -17.07
345 28.20 10.00 14.00 | -4.60 -16.30 -16.50 26.35 8.69 18.57 | -8.40 -24.00 -17.19
360 29.00 10.50 13.50 | -3.80 -15.80 -17.00 26.35 8.63 18.46 | -8.40 -24.06 -17.30

TABLE A7. Comparison of human abdomen, hand and foot temperatures (degrees C) from Pelapu 1 with
Model predictions. Actusl temperatures and change from initial temperatures are given.
Data from group P1-6f: female subjects completing entire 360 minute immersion.
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NAWCADWAR-93069-60

HUMAN SUBJECT No.: 7 SEX: Female MNODEL PREDICTIONS for SUBJECT No.: 7
SUIT: NORD 15 WATER TEMP: 31.64 deg F
TIME ABDOMEN WAND  FOOT |ABOOMEN HAND  FOOT ABDOMEN MAND  FOOT |M NAND  FOOT
win (Actual temp.) | (Change in temp.) (Estimated temp.) | (Change in tesp.)
............................ e eemmcmmemeeeeeoceeaseeseesesasmemmeeeesssssmeesepacaaamacecanaeanneans
0 33.20 30.40 28.80 | 0.00 0.00 0.00 34.75 32.69 35.76 | 0.00 0.00 0.00
15 33.20 29.40 28.30 | 0.00 -1.00 -0.50 31.97 26.14 30.99 | -2.78 -6.55 -4.77
30 33.50 26.10 27.10 | 0.30 -4.30 -1.70 30.18 23.22 29.13 | -4.57 -9.47 -6.63
45 33.10 23.50 26.50 | -0.10 -6.90 -2.30 29.17 20.87 27.74 | -5.58 -11.82 -8.02
60 33.30 21.40 26.20 | 0.60 -9.00 -2.80 28.53 18.86 26.58 | -6.22 -13.83 -9.18
75 33.20 19.00 25.30 | 0.00 -11.40 -3.50 28.10 17.15 25.58 | -6.65 -15.54 -10.18
90 33.10 16.50 24.30 | -0.10 -13.90 -4.50 27.82 15.71 24.72 | -6.93 -16.98 -11.04
105 32.30 14.50 23.10 | -0.90 -15.90 -5.70 27.61 14.48 23.95 | -7.16 -18.21 -11.81
120 32.60 13.50 21.70 | -0.60 -16.90 -7..0 e7.46 13.47 23.28 | -7.29 -19.22 -12.48
135 31.40 13.00 20.60 | -1.80 -17.40 -8.20 27.36 12.61 22.68 | -7.39 -20.08 -13.08
150 31.60 13.50 19.50 | -1.60 -16.90 -9.30 27.28 11.90 22.15 | -7.47 -20.79 -13.61
165 31.10 12.50 19.00 | -2.10 -17.90 -9.80 27.26 11.32 21.69 | -7.5% -21.37 -14.07
180 31.40 12.50 17.50 | -1.80 -17.90 -11.30 27.21 10.83 21.28 | -7.54 -21.86 -14.48
195 31.00 12.50 16.50 | -2.20 -17.90 -12.30 27.19 10.42 20.91 | -7.56 -22.27 -14.85
210 30.90 12.50 16.50 | -2.30 -17.90 -12.30 27.19 10.08 20.59 | -7.56 -22.61 -15.17
225 30.60 13.00 16.00 ] -2.60 -17.40 -12.80 27.19 9.79 20.30 | -7.56 -22.90 -15.46
240 30.80 12.50 15.50 | -2.40 -17.90 -13.30 27.19 9.56 20.05 | -7.56 -23.13 -15.71
255 31.60 12.50 15.00 | -1.60 -17.90 -13.80 27.20 9.36 19.82 | -7.55 -23.33 -15.94
270 31.90 11.50A 14.30 | -1.30 -18.90 -14.30 27.20 9.32 19.62 | -7.55 -23.37 -16.14
285 32.00 12.50 15.00 | -1.20 -17.90 -13.80 27.21  9.07 19.44 | -7.54 -23.62 -16.32
300 31.90 11.50 14.00 | -1.30 -18.90 -14.80 27.22 8.95 19.29 | -7.53 -23.74 -16.47
315 31.70 12.50 14.50 | -1.50 -17.90 -14.30 27.22 8.86 19.14 | -7.53 -23.83 -16.62
330 31.80 11.50 14.00 | -1.40 -18.90 -14.80 27.23 8.78 19.02 | -7.52 -23.91 -16.74
345 31.90 13.00 15.00 | -1.30 -17.40 -13.80 27.23 8.72 18.91 | -7.52 -23.97 -16.85
360 32.40 12.50 14.50 | -0.80 -17.90 -14.30 27.26 8.66 18.81 | -7.51 -24.03 -16.95
TABLE A8. Comparison of humsn abdomen, hand snd foot temperatures (degrees C) from Pelapu 1 with

Model predictions. Actual temperatures and change from initial temperatures are given.
Data from group P1-6f: female subjects completing entire 360 minute immersion.
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NAWCADWAR-93069-60

NUMAN SUBJECT No.: 17 SEX:  Female MODEL PREDICTIONS for SUBJECT No.: 17

SUIT:  WELLY HANSON WATER TEMP: 31.28 deg F
TIME  ABDOMEN HAND FOOT JABOOMEN RAND  FOOT ASDOMEN WAND FOOT [ABDOMEM MAND  FOOT
win (Actusl temp.) | (Change in temp.) (Estimated temp.) | (Change in temp.)

.............................. Heeenmmececesseesesmeesnssmmsaessmnaosenesseseenadaeeere naranaassannne
0.00 30.40 27.10 26.40 | 0.00 0.00 0.00 34.75 32.70 35.77 | 0.00 0.00 0.00
15.00 29.80 26.60 25.80 | -0.60 -0.50 -0.60 32.47 26.26 31.10 | -2.28 -6.46 -4.67
30.00 29.10 24.10 24.10 | -1.30 -3.00 -2.30 30.84 23.23 29.18 | -3.91 -9.47 -6.59
45.00 28.60 28.90 22.00 | -1.80 1.80 -4.40 30.18 20.80 27.76 | -4.57 -11.90 -8.01
60.006 27.50 27.60 27.60 | -2.90 0.50 1.20 29.84 18.73 26.55 | -4.91 -13.97 -9.22
75.00 27.00 18.00 23.20 | -3.40 -9.10 -3.20 29.65 16.96 25.50 | -5.10 -15.74 -10.27
90.00 26.10 16.50 26.10 | -4.30 -10.60 -0.30 29.56 15.47 24.59 | -5.19 -17.23 -11.18
105.00 25.70 16.50 23.60 | -4.70 -10.60 -2.80 29.54 16,21 23.79 | -5.21 -18.49 -11.98
120.00 25.20 15.00 24.10 | -5.20 -12.10 -2.30 29.55 13.17 23.10 | -5.20 -19.53 -12.67
135.00 25.10 15.00 23.00 | -5.30 -12.10 -3.40 29.58 12.30 22.49 | -5.17 -20.40 -13.28
152.00 24.70 14.60 21.90 | -5.70 -12.50 -4.50 29.62 11.58 21.95 | -5.13 -21.12 -13.82
165.00 26.90 15.20 22.70 | -5.50 -11.90 -3.70 29.65 10.99 21.48 | -5.10 -21.71 -14.29
180.00 24.50 15.00 22.00 | -5.90 -12.10 -4.40 29.68 10.49 21.07 | -5.07 -22.21 -14.70
195.00 23.70 15.00 21.30 | -6.70 -12.10 -5.10 29.71 10.08 20.70 | -5.04 -22.62 -15.07
210.00 22.40 14.50 20.20 | -8.00 -12.60 -6.20 29.73 9.7 20.38 | -5.02 -22.96 -15.39
225.00 22.50 15.00 19.50 | -7.90 -12.10 -6.90 29.75 9.46 20.10 | -5.00 -23.24 -15.67
260.00 21.80 15.00 21.40 | -8.60 -12.10 -5.00 29.77 9.3 19.85 | -4.98 -23.47 -15.92
255.00 21.50 15.50 21.40 | -8.90 -11.60 -5.00 29.78  9.03 19.63 | -4.97 -23.67 -16.14
270.00 21.06 15.00 21.50 | -9.40 -12.10 -4.90 29.79 8.87 19.44 | -4.96 -23.83 -16.33
285.00 20.80 15.00 21.00 | -9.60 -12.10 -5.40 29.80 8.75 19.26 | -4.95 -23.95 -16.51
300.00 20.60 14.50 21.40 | -9.80 -12.60 -5.00 29.81  B8.63 19.11 | -4.9% -24.07 -16.66
315.00 20.30 15.00 20.80 |-10.10 -12.10 -5.60 29.81 8.54 18.98 | -4.94 -26.16 -16.79
330.00 20.10 14.50 19.00 |-10.30 -12.60 -7.40 29.82 8.46 18.86 | -4.93 -26.2¢ -16.9
345.00 19.50 14.50 19.00 |-10.90 -12.60 -7.40 29.82 8.40 18.75 | -4.93 -26.30 -17.02
360.00 20.00 14.50 19.00 |-10.40 -12.60 -7.40 29.82 8.35 18.66 | -4.93 -26.35 -17.11

TABLE A9. Comparison of human abdomen, hand and foot temperatures (degrees C) from Pelapu 1 with
Model predictions. Actual temperatures snd change from initial temperatures are given.
Data from group P1-6f: female subjects completing entire 360 minute immersion.
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NAWCADWAR-93069-60
WUMAN SUBJECT No.: 19 SEX: Female MODEL PREDICTIONS for SUBJECT No.: 19
SUIT: URSUIT WATER TEMP: 31.64 deg f
TIME ASDOMEN NAND  FOOT |AGDOMEN HAND  FOOT ABDOMEN HAND FOOT |ABOOMEN MAND  FOOT
min (Actusl temp.) | (Change in temsp.) (Estimeted temp.) | (Change in temp.)
............................ e escccascecemcsseesameememetAsassameameceenenmcnabennmanaceneenononnann
0 32.70 28.20 29.20 | 3.00 0.00 0.00 34.75 32.69 35.76 | 0.00 0.00 0.00
15 31.80 26.40 28.20 | -0.90 -1.80 -0.40 32.92 26.25 31.15 | -1.83 -6.4k -4.61
30 31.20 26.70 27.40 | -1.50 -3.50 -1.80 31.16 23.12 29.22 | -3.59 -9.57 -6.54
45 30.%0 23.30 26.10 | -1.90 -4.90 -3.10 30.51 20.61 27.81 | -4.26 -12.08 -7.95
30.70 19.50 25.10 | -2.00 -8.70 -4.10 30.22 18.51 26.61 | -4.53 -14.18 -9.15
75 30.60 18.00 23.20 | -2.10 -10.20 -6.00 30.09 16.74 25.59 | -4.66 -15.95 -10.17
90 30.00 16.10 21.80 | -2.70 -12.10 -7.40 30.06 15.27 24.73 | -4.69 -17.42 -11.03
105 29.30 15.00 21.30 | -3.40 -13.20 -7.90 30.07 14.00 23.97 | -4.68 -18.69 -11.79
120 29.20 15.00 19.00 | -3.50 -13.20 -10.20 30.11 12.94 23.33 | -4.64 -19.75 -12.43
135 28.90 15.00 18.00 | -3.80 -13.20 -11.20 30.16 12.06 22.76 | -4.59 -20.63 -13.00
150 29.00 14.50 18.50 | -3.70 -13.70 -10.70 30.20 11.33 22.28 | -4.55 -21.36 -13.48
165 28.70 13.50 17.50 | -4.00 -14.70 -11.70 30.26 10.74 21.86 | -4.51 -21.95 -13.90
180 28.60 13.00 17.50 | -4.10 -15.20 -11.70 30.28 10.26 21.49 | -4.47 -22.43 -16.27
195 28.40 12.00 18.00 | -4.30 -16.20 -11.20 30.30 9.87 21.17 | -4.45 -22.82 -14.59
210 28.80 12.50 16.00 | -3.90 -15.70 -13.20 30.33 9.54 20.89 | -4.42 -23.15 -14.87
225 28.60 13.00 16.00 | -4.10 -15.20 -13.20 30.34 9.28 20.65 | -4.41 -23.41 -15.11
260 28.70 12.50 15.00 | -4.00 -15.70 -14.20 30.36 9.08 20.44 | -4.39 -23.61 -15.32
255 29.70 12.50 14.50 | -3.00 -15.70 -14.70 30.37 8.89 20.25 | -4.38 -23.80 -15.51
270 30.30 11.70 14.50 | -2.40 -16.50 -14.70 30.38 8.75 20.09 | -4.37 -23.94 -15.47
285 30.60 12.00 13.00 | -2.10 -16.20 -16.20 30.39 8.63 19.95 | -4.36 -264.06 -15.81
300 31.00 11.50 12.50 | -1.70 -16.70 -16.70 30.40 8.53 19.82 | -4.35 -264.16 -15.9¢
315 30.90 11.50 12.50 } -1.80 -16.70 -16.70 30.40 8.45 19.71 | -4.35 -24.24 -16.05
330 31.70 12.00 11.60 | -1.00 -16.20 -17.40 30.41 8.39 19.62 | -4.34 -24.30 -16.14
345 31.60 11.50 11.50 | -1.10 -16.70 -17.70 30.41 8.36 19,53 | -4.34 -24.35 -16.23
360 32.40 12.50 11.50 | -0.30 -15.70 -17.70 30.41 8.29 19.46 | -4.34 -24.40 -16.30

TABLE A10. Comparison of human abdomen, hand and foot temperatures (degrees C) from Pelapu 1 with
Model predictions. Actual temperatures and change from initial temperatures are given.
Data from group P1-6f: female subjects completing entire 360 minute immersion.




NAWCADWAR-93069-60

NUMAN SUBJECT No.: & SEX: Male MODEL PREDICTIONS for SUBJECT Mo.: 4
SUIT: LIUKKO WATER TEMP: 31.55 deg F
TINE ABDOMEN HAND FOOT |ABDOMEN HANO  FOOT ABDOMEN MAND FOOT [ADDOMEN WANO  FOOT
min (Actusl temp.) | (Change in temp.) (Estimsted temp.) | (Change in temp.)
............................ n e ceemeseacsemcassesammensesemeceecsscaeceseaeehenaceercatnonanossonn
0 33.20 33.30 28.60 | 0.00 0.00 0.00 3%.75 32.70 35.77 | 0.00 0.06 0.00
15 33.10 29.00 25.50 | -0.10 -4.80 -3.10 32.28 26.28 31.12 | -2.47 -6.42 -4.65
30 32.70 286.60 22.40 | -0.50 -7.20 -6.20 30.71 23.34 29.21 | -4.04 -9.36 -6.56
45 31.20 25.10 20.50 { -2.00 -8.70 -8.10 30.05 20.95 27.80 | -4.70 -11.75 -7.97
30.40 24.40 19.00 | -2.80 -9.40 -9.560 29.69 18.90 26.59 | -5.06 -13.80 -9.18
75 30.10 24.20 17.50 | -3.10 -9.460 -11.10 29.49 17.15 25.55 | -5.26 ~15.55 -10.22
30.30 26.00 16.50 | -2.90 -9.80 -12.10 29.38 15.68 24.64 | -5.37 -17.02 -11.13
105 30.40 24.00 16.00 | -2.80 -9.80 -12.60 29.33 14.44 23.86 | -5.42 -18.26 -11.93
120 30.30 24.00 15.00 | -2.90 -9.80 -13.60 29.33 13.41 23.13 | -5.42 -19.29 -12.64
135 30.40 24.20 14.00 | -2.80 -9.40 -14.80 29.34 12,55 22.5% | -5.41 -20.15 -13.26
150 31.00 24.60 13.00 | -2.20 -9.20 -15.60 29.37 11.82 21.96 | -5.38 -20.88 -13.81
165 30.70 24.60 12.50 | -2.50 -9.20 -16.10 29.39 11.23 21.48 | -5.38 -21.47 -14.29
180 30.40 25.40 12.00 | -2.80 -8.40 -16.60 29.42 10.73 21.06 | -5.33 -21.97 -16. M1
195 31.20 24.20 11.50 | -2.00 -9.60 -17.10 29.44 10.31 20.68 | -5.31 -22.39 -15.09
210 30.60 23.80 11.50 | -2.60 -10.00 -17.10 29.46 9.96 20.35 | -5.29 -22.74 -15.42
225 31.30 23.70 11.00 | -1.90 -10.10 -17.60 29.47 9.67 20.06 | -5.28 -23.03 -15.71
260 31.50 23.60 10.50 | -1.70 -10.20 -18.10 29.49 9.43 19.80 | -5.26 -23.27 -15.97
255 31.60 23.60 10.50 | -1.60 -10.20 -18.10 29.50 9.23 19.57 | -5.25 -23.47 -16.20

TABLE Al11. Comparison of human abdomen, hand and foot temperatures (degrees C) from Pelapu 1 with
Model predictions. Actual temperatures and change from initial temperatures are given.
Data from group P1-5: subjects completing & to 5 hours immersion.
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NAWCADWAR-93069-60
HUMAN SUBJECT No.: 10 SEX: Male MODEL PREDICTIONS for SUBJECT No.: 10
SUIT: INPERIAL WATER TEMP: 31.55 deg F

TIME  ABDOMEN NAND FOOT |ABDOMEN MAMD  FOOT ABOOMEN MAND  FOOT |ASDOMEM NAND  FOOT
min (Actual temp.) | (Change in temp.) (Estimated temp.) | (Change in temp.)
.............................. eemeeencmeancceeemeeeeceesvesesesseesreenesanecachesarasanastantnnanenen
0 32.70 26.90 28.30 | 0.00 0.00 0.00 34.75 32.70 35.77 | 0.00 0.00 0.00
15 31.60 26.30 26.80 | -1.10 -0.60 -1.50 32.69 26.30 31.16 | -2.06 -6.40 -4.61
30 30.60 25.30 25.10 | -2.10 -1.60 -3.20 31.20 23.28 29.23 | -3.55 -9.42 -6.54
45 31.40 22.50 23.80 | -1.30 -4.30 -4.50 30.63 20.83 27.80 | -4.12 -11.87 -7.97
60 31.60 22.00 22.20 | -1.10 -4.90 -6.10 30.43 18.73 26.60 | -4.32 -13.97 -9.17
75 31.80 22.10 21.40 | -0.90 -4.80 -6.90 30.34 16.96 25.55 | -4.41 -15.74 -10.22
90 30.90 21.20 21.20 | -1.80 -5.70 -7.10 30.31 15.46 26.64 | -4.44 -17.24 -11.13
105 30.80 20.50 21.10 | -1.90 -6.40 -7.20 30.33 14.19 23.84 | -4.42 -18.51 -11.93
120 31.00 18.00 20.80 | -1.70 -3.9¢ -7.50 30.37 13.15 23.15 | -4.38 -19.55 -12.62
135 31.20 18.00 20.10 | -1.50 -8.90 -8.20 30.42 12.28 22.54 | -4.33 -20.42 -13.23
150 30.90 18.00 20.00 § -1.80 -8.90 -8.30 30.46 11.55 22.01 | -4.29 -21.15 -13.76
165 31.40 17.00 19.50 | -1.30 -9.90 -8.80 30.49 10.96 21.55 | -4.26 -21.74 -14.22
180 31.70 16.00 19.00 | -1.00 -10.90 -9.30 30.52 10.47 21.15 | -4.23 -22.23 -14.62
195 31.80 15.50 18.50 | -0.90 -11.40 -9.80 30.55 10.06 20.80 | -4.20 -22.64 -14.97
210 31.90 15.08 17.50 | -0.80 -11.90 -10.80 30.57 9.72 20.48 | -4.18 -22.98 -15.29
225 32.30 14.50 17.00 | -0.40 -12.40 -11.30 30.58 9.44 20.21 | -4.17 -23.26 -15.56
240 32.80 14.00 16.50 | 0.10 -12.90 -11.80 30.60 9.21 19.97 | -4.15 -23.49 -15.80
255 32.60 13.50 15.50 | -0.10 -13.40 -12.80 30.61 9.02 19.76 | -4.14 -23.68 -16.01
270 32.70 13.00 15.00 | 0.00 -13.90 -13.30 30.62 8.87 19.58 | -4.13 -23.83 -16.19

TABLE A12. Comparison of human abdomen, hand and foot temperatures (degrees C) from Peiapu 1 with
Model predictions. Actual temperatures and change from initial temperatures are given.
Data from group P1-5: subjects completing 4 to 5 hours immersion.
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NAWCADWAR-93069-60
HUMAN SUBJECT Mo.: 15 SEX:  Male MODEL PREDICTIONS for SUBJECT No.: 15
sULT: NORD 15 WATER TEMP: 31.01 deg F '
TIME ARDOMEN WAND  FOOT |ABOOMEN HAND  FOOT* ABDOMEN MAND  FOOT |ABDOMEN HAND  FOOT
ain (Actusl temp.) | (Change in temp.) (Estimated teap.) | (Change in temp.)
---------------------------- e e ccscsn et e rrrc et s nacAesrsE R e T e e A reeERTeRETAesdr et cnenEEEscanaw
0 32.10 31.00 | 6.00 o0.00 34.75 32.70 35.77 | 0.00 0.00 0.00
15 30.60 29.40 | -1.50 -1.60 31.87 26.18 31.06 | -2.88 -6.52 -4.71
30 28.60 25.20 22.40 | -3.50 -5.80 -6.40 30.23 23.21 29.17 | ~4.52 -9.49 -6.60
45 28.60 24.70 20.80 | -3.50 -6.30 -8.00 29.38 20.80 27.7% | -5.37 -11.90 -8.03
60 28.00 22.10 21.00 | -4.10 -8.90 -7.80 28.85 18.74 26.53 | -5.90 -13.96 -9.2%
75 28.80 20.00 22.00 | -3.30 -11.00 -6.80 28.52 16.97 25.49 | -6.23 -15.73 -10.28
90 31.10 18.00 18.00 | -1.00 -13.00 -10.80 28.30 15.50 26.59 | -6.45 -17.20 -11.18
105 33.20 16.20 18.10 | 1.10 -14.80 -10.70 28.18 146.25 23.79 | -6.57 -18.45 -11.98
120 34.10 14.80 17.50 | 2.00 -16.20 -11.30 28.10 13.22 23.10 | -6.65 -19.48 -12.67
135 34.10 14.10 17.70 | 2.00 -16.90 -11.10 28.07 12.36 22.48 | -6.68 -20.34 -13.29
150 34.70 13.60 15.90 | 2.40 -17.40 -12.90 28.06 11.66 21.94 | ~6.69 -21.06 -13.83
165 35.10 13.20 15.50 | 3.00 -17.80 -13.30 28.06 11.06 21.46 | -6.69 -21.66 -14.31
180 35.10 12.60 15.00 | 3.00 -18.40 -13.80 28.07 10.54 21.04 | -6.68 -22.16 -14.73
195 35.00 12.20 14.50 | 2.90 -18.80 -14.30 28.08 10.13 20.67 | -6.67 -22.57 -15.10
210 34.90 12.00 14.10 | 2.80 -19.00 -14.70 28.09 9.78 20.34 | -6.66 -22.92 -15.43
225 34.70 11.90 13.60 | 2.0 -19.10 -15.20 28.11  9.50- 20.04 | -6.66 -23.20 -15.73
20 34,70 11.20 12.80 | 2.50 -19.80 -16.00 28.12 9.26 19.79 | -6.63 -23.4k -15.98
255 34.70 11.00 12.00 | 2.60 -20.00 -16.80 28.13  9.06 19.56 | -6.62 -23.66 -16.21
270 34.60 10.70 11.10 | 2.50 -20.30 -17.70 28.14 8.90 19.35 | -6.61 -23.80 -16.42
285 34.30 10.40 10.30 | 2.20 -20.50 -18.50 28.15 8.76 19.17 | -6.60 -23.94 -16.60
300 33.80 11.00 10.00 | 1.70 -20.00 -18.80 28.15 8.64 19.01 | -6.60 -24.06 -16.76

TASLE A13. Comparison of human sbdomen, hand and foot temperatures (degrees C) from Pelapu 1 with

Model predictions. Actual temperatures and change from initial temperatures asre given.
Data from group P1-5: subjects completing 4 to 5 hours immersion.
*: Data referenced to pre-immersion temperature (28.8C).
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NAWCADWAR-93069-60
HUMAN SUBJECT No.: 16 SEX: Male MODEL PREDICTIONS for SUBJECT No.: 16
SUIT: URSUIT WATER TEMP: 31.55 deg ¥
TIME ASDOMEN HAND  FOOT |ABDOMEN HAND  FOOT ABDOMEN MAND  FOOT |ABDOMEN MAND  FOOT
min (Actual temp.) | (Change in tesp.) (Estimsted temp.) | (Change in tesp.)
............................ Gecensesmemesecmeasescemaan ecessesmenmessessecneebensenmocsaacneanancnn
0 34.00 26.10 29.20 | 0.00 0.00 0.00 .75 32.70 35.77 | 0.00 0.00 0.00
15 33.70 26.00 27.40 | -0.30 -2.10 -1.80 32.42 26.26 31.11 | -2.33 -6.44 -4.66
33.10 22.00 25.60 | -0.90 -4.10 -3.60 30.81 23.28 29.21 | -3.94 -9.42 -6.56
45 33.10 19.00 23.70 | -0.90 -7.10 -5.50 30.18 20.86 27.79 | -4.57 -11.8 -7.98
32.60 17.50 22.20 | -1.40 -8.60 -7.00 29.85 18.80 26.58 | -4.90 -13.90 -9.19
32.20 16.00 20.40 | -1.80 -10.10 -8.60 29.67 17.064 25.54 | -5.08 -15.66 -10.23
90 32.60 15.00 19.00 | -1.40 -11.10 -10.20 29.58 15.56 26.64 | -5.17 -17.16 -11.13
105 32.70 14.50 18.00 | -1.30 -11.40 -11.20 29.56 14.30 23.84 | -5.19 -18.40 -11.93
120 31.00 13.50 16.50 | -3.00 -12.60 -12.70 29.56 13.27 23.15 | -5.19 -19.43 -12.62
135 32.70 13.00 15.00 | -1.30 -13.10 -14.20 29.59 12.40 22.54 | -5.16 -20.30 -13.23
150 33.10 12.00 14.00 | -0.90 -14.10 -15.20 29.62 11.68 22.00 | -5.13 -21.02 -13.77
165 33.10 11.50 13.00 | -0.90 -14.60 -16.20 29.65 11.09 21.53 | -5.10 -21.61 -14.24
180 32.60 11.00 12.00 | -1.40 -15.10 -17.20 29.68 10.59 21.12 | -5.07 -22.11 -14.65
195 32.80 10.50 11.50 | -1.20 -15.40 -17.70 29.70 10.19 20.76 | -5.05 -22.51 -15.01
210 31.90 11.00 10.50 | -2.10 -15.10 -18.70 29.73 9.85 20.44 | -5.02 -22.85 -15.33
225 31.60 10.50 10.00 | -2.40 -15.60 -19.20 29.76 9.56 20.16 | -5.01 -23.14 -15.61
2,0 31.20 10.50 10.00 | -2.80 -15.60 -19.20 29.76  9.33 19.91 | -4.99 -23.37 -15.86
255 31.60 10.00 7.00 | -2.40 -16.10 -22.20 29.77 9.13 19.69 | -4.98 -23.57 -16.08

TABLE A14. Comparison of human abdomen, hand and foot temperatures (degrees C) from Pelapu 1 with
Model predictions. Actual temperatures and change from initial temperatures are given.
Data from group P1-5: subjects completing &4 to S hours immersion.




NAWCADWAR-93069-60
HUMAN SUBJECT No.: 9 SEX:  Male MODEL PREDICTIONS for SUBJECT No.: 9
SUIT:  MELLY MANSON WATER TEMP: 31.01 deg F

TIME ABDOMEN HAND  FOOT |ABODOMEM HAMD  FOOT ABDOMEN NAND FOOT |ABDOMEN NAND  FOOT
win (Actual temp.) | (Change in temp.) (Estimeted temp.) | (Change in tesp.)
.............................. e ee e ccceecaessaseesasccesasesesesseseenasenasnadrenneeanrnaneennnnn
0 30.10 29.50 28.20 | 0.00 0.00 0.00 34.75 32.70 35.77 ) 0.00 0.00 0.00
15 27.70 28.40 26.40 | -2.40 -1.20 -1.80 32.00 26.26 31.08 | -2.75 <-6.46 -4.89
30 27.60 26.80 25.20 | -2.50 -2.80 -3.00 30.53 23.33 29.17 | -4.22 -9.37 -6.60
45 26.00 24.60 24.00 | -4.10 -5.00 -4.20 29.86 20.96 27.74 | -4.89 -11.7% -8.03
25.80 22.50 23.40 | -4.30 -7.10 -4.80 29.47 18.92 26.53 | -5.28 -13.78 -9.26
75 26.80 20.20 22.10 | -3.30 -9.40 -6.10 29.26 17.17 25.47 | -5.51 -15.53 -10.30
26.40 19.00 20.40 | -3.70 -10.60 -7.80 29.11 15.71 26.55 | -5.64 -16.99 -11.22
105 27.40 17.00 18.00 | -2.70 -12.6D -10.20 29.04 14.47 23.73 | -5.71 -18.23 -12.04
120 29.00 15.00 16.40 | -1.10 -14.60 -11.80 29.02 13.44 23.01 | -5.73 -19.26 -12.76
135 29.00 14.80 14.90 | -1.10 -14.80 -13.30 29.02 12.57 22.37 | -5.73 -20.13 -13.40
150 28.10 12.40 13.40 | -2.00 -17.20 -14.80 29.03 11.83 21.80 | -5.72 -20.87 -13.97
165 26.70 13.70 12.30 | -3.40 -15.90 -15.90 29.05 11.23 21.30 | -5.70 -21.47 -14.47
18¢ 27.00 13.90 11.70 | -3.10 -15.70 -16.50 29.07 10.71 20.85 | -5.68 -21.99 -14.92
195 27.30 13.60 11.00 | -2.80 -16.00 -17.20 29.09 10.28 20.46 | -5.66 -22.42 -15.31
210 26.40 12.20 10.00 | -3.70 -17.40 -18.20 29.11  9.91 20.10 | -5.64 -22.79 -15.67

TABLE A15. Comparison of human abdoneﬁ, hand and foot temperatures (degrees C) from Pelapu ! with
Model predictions. Actual temperatures and change from initial temperatures are given.
Data from group P1-4: subjects completing 3 to 4 hours immersion.

HUMAN SUBJECT No.: 14 SEX: Male MODEL PREDICTIONS for SUBJECT No.: 14
SUIT: IMPERIAL WATER TEMP: 30.45 deg F
TIME  ABDOMEN HAND  FOOT |ABDOMEN HAND  FOOT ABDOMEN HAND  FOOT |ABDOMEN MAND  FOOT
min (Actual temp.) | (Change in temp.) (Estimated temp.) | (Change in temp.)
.............................. e eccecncisceemesmemsseseemeammceessemcmeessesasdrencmesesemennenanenn
0 30.50 27.60 28.30 | 0.00 ©0.00 0.00 3,.75 32.70 35.77 | 0.00 0.00 0.00
15 29.90 26.10 26.30 | -0.60 -1.50 -2.00 31.90 26.18 31.03 | -2.85 -6.52 -4.76
30 29.30 26.20 26.10 | -1.20 -3.40 -4.20 30.42 23.25 29.11 | -4.33 -9.45 -6.66
45 28.70 21.30 22.60 | -1.80 -6.30 -5.70 29.72 20.87 27.67 | -5.03 -11.83 -8.10
28.50 20.00 21.00 | -2.00 -7.60 -7.30 29.31 18.81 26.45 | -5.44 -13.89 -9.32
75 27.90 20.00 20.00 | -2.60 -7.60 -8.30 29.06 17.06 25.39 | -5.69 -15.64 -10.38
27.30 19.50 20.00 | -3.20 -8.10 -8.30 28.92 15.59 26.46 | -5.83 -17.11 -11.21
105 26.50 18.00 20.00 | -4.00 -9.60 -8.30 28.84 14.35 23.63 | -5.91 -18.35 -12.14
120 26.20 17.50 19.00 | -4.30 -10.10 -9.30 28.81 13.31 22.90 | -5.96 -19.39 -12.87
135 26.10 13.00 15.00 | -4.40 -14.60 -13.30 28.80 12.43 22.25 | -5.95 -20.27 -13.52
150 26.00 16.50 17.50 | -4.50 -11.10 -10.80 28.81 11.68 21.67 | -5.964 -21.02 -14.10
165 26.40 16.50 16.50 | -4.10 -11.10 -11.80 28.83 11.07 21.16 | -5.92 -21.63 -14.6%
180 26.70 16.00 15.50 | -3.80 -11.60 -12.80 28.85 10.5% 20.71 | -5.90 -22.16 -15.06
195 26.60 12.50 11.20 | -3.90 -15.10 -17.10 28.87 10.11 20.31 | -5.88 -22.59 -15.46
210 26.90 11.50 10.00 | -3.60 -16.10 -18.30 28.88 9.7 19.95 | -5.87 -22.96 -15.82

TABLE A16. Comparison of human abdomen, hand and foot temperatures (degrees C) from Pelapu 1 with
Model predictions. Actual temperatures and change from initial temperatures are given.
Data from group P1-4: subjects completing 3 to 4 hours immersion.
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NAWCADWAR-93069-60

HUMAN SUBJECT No.: 18 SEX: Male MODEL PREDICTIONS for SUBJECT No.: 18
SUIT: FITZ WRIGHT  WATER TEWP: 31.28 deg F
TIME ABDOMEN HAND FOOT |ABDOMEN HAND  FOOT ABDOMEN HAND FOOT |ABOOMEN NAND  FOOT
ain (Actual temp.) | (Change in temp.) (Estimated temp.) | (Change in temp.)
......... e e eeeeseoeses e e nceecaceeeneemeseeeesmeeametcsceavetesssanaardeamanancsnecnesannne
0 30.20 28.30 27.60 | 0.00 0.00 0.00 34.75 32.70 35.77 | 0.00 0.00 0.00
15 29.40 27.10 27.00 | -0.80 -1.20 -0.80 32.60 26.32 31.15 | -2.15 -6.38 -4.82
30 28.40 23.70 26.00 | -1.80 -4.60 -1.80 31.10 23.35 29.21 | -3.85 -9.35 -6.56
45 27.90 21.30 24.70 | -2.30 -7.00 -2.90 30.51 20.93 27.78 | -4.24 -N.77 -T7.99
27.80 20.20 22.70 | -2.40 -8.10 -4.90 30.28 18.86 26.57 | -4.47 -13.84 -9.20
75 27.90 18.50 21.00 | -2.30 -9.80 -6.60 30.17 17.09 25.51 | -4.58 -15.61 -10.26
28.00 16.50 19.00 | -2.20 -11.80 -8.60 30.12 15.61 24.59 | -4.63 -17.09 -11.18
105 28.00 15.00 16.50 | -2.20 -13.30 -11.10 30.12 14.35 23.77 | -4.63 -18.35 -12.00
120 28.20 13.80 14.30 | -2.00 -14.70 -13.30 30.15 13.31 23.05 | -4.60 -19.39 -12.72
135 28.50 13.00 13.50 | -1.70 -15.30 -14.10 30.18 12.44 22.41 | -4.57 -20.26 -13.36
150 28.10 12.00 12.50 | -2.10 -16.30 -15.10 30.22 11.71 21.85 | -4.53 -20.99 -13.92
165 28.40 12.00 11.50 | -1.80 -16.30 -16.10 30.26 11.10 21.37 | -4.49 -21.80 -14.40
180 28.30 10.50 12.00 | -1.90 -17.80 -15.80 30.28 10.59 20.93 | -4.47 -22.11 -14.84
195 28.60 10.00 11.00 | -1.60 -18.30 -16.60 30.31 10.17 20.55 | -4.44 -22.53 -15.22

TABLE A17. Comparison of human abdomen, hand and foot temperatures (degrees C) from Pelapu 1 with
Model Predictions. Actual temperatures and change from initial temperatures are given.
Data from group P1-4: subjects completing 3 to 4 hours immersion.

HUMAN SUBJECT No.: 21 SEX: Male MODEL PREDICTIONS for SUBJECT No.: 21
SUIT: LIUKXO WATER TEMP: 31.28 deg F
TIME AGBDOMEN HAND  FOOT |ABDOMEN HAND  FOOT ABDOMEN HAND  FOOT |[ABDOMEN HAND  FOOT
min (Actual temp.) | (Change in temp.) (Estimated temp.) | (Change in temp.)
............................ emceeeeeseceseemeesaseceeessceleeeeanmacmcesceccsdenerecassaannccencsre
0 33.20 23.00 22.30 | 0.00 0.00 0.00 34.75 32.69 35.77 | 0.00 0.00 0.00
15 32.90 20.20 22.00 | -0.30 -2.80 -0.30 32.28 26.12 31.02 | -2.47 -6.57 -4.75
30 33.40 19.50 20.10 | 0.20 -3.50 -2.20 30.68 23.09 29.08 | -4.07 -9.50 -6.69
45 33.70 17.50 20.50 | 0.50 -5.50 -1.80 30.04 20.63 27.64 | -4.71 -12.06 -8.13
33.90 18.00 19.00 | 0.70 -5.00 -3.30 29.70 18.53 26.41 ] -5.05 -14.16 -9.36
75 34.10 14.50 18.50 | 0.50 -8.50 -3.80 29.51 16.74 25.35 | -5.26 -15.95 -10.42
34.40 14.00 17.00 | 1.20 -9.00 -5.30 29.42 15.23 26.43 | -5.33 -17.46 -11.34
105 34.30 13.50 16.50 | 1.10 +-9.50 -5.80 29.39 13.96 23.62 | -5.36 -18.73 -12.15
120 34.40 18.00 19.00 | 1.20 -5.00 -3.30 29.39 12.91 22.91 | -5.36 -19.78 -12.86
135 34.60 13.00 15.00 | 1.40 -10.00 -7.30 29.42 12.03 22.29 | -5.33 -20.66 -13.48
150 33.50 16.50 17.50 | 0.30 -6.50 -4.80 29.45 11.30 21.74 | -5.30 -21.39 -14.03
165 34.30 16.50 16.50 | 1.10 -6.50 -5.80 29.48 10.70 21.26 | -5.27 -21.99 -14.51
180 33.30 16.00 15.50 | 0.10 -7.00 -6.80 29.51 10.19 20.84 | -5.24 -22.50 -14.93
195 33.80 12.50 8.50 | 0.60 -10.50 -13.80 29.53 9.77 20.47 | -5.22 -22.92 -15.30
210 24.00 11.50 8.50 | -9.20 -11.50 -13.80 29.55 9.42 20.14 | -5.20 -23.27 -15.63

TABLE A18. Comparison of human abdomen, hand and foot temperatures (degrees C) from Pelapu 1 with
Model predictions. Actual temperatures and change from initial temperatures are given.
Data from group P1-4: subjects completing 3 to 4 hours immersion.
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HUMAN SUBJECT No.: 8 SEX: Femle MODEL PREDICTIONS for SUBJECT No.: 8

SUIT: URSUIT 5001 WATER TEMP: 31.37 deg F
TIME  HAND ARM CHEST LOWER | MAND ARM  CHEST LOWER HAND ARM  CHEST | HAND ARM  CHEST

min mean right BACK | mesn right BACK |
(Actual temp.) | (Change in temp.) (Estimated temp.) | (Change in temp.)
................................. emecccmeeccevaseseencessmeesmensaceenceesanseesesrabuasancneneananmananan

0 31.65 31.30 33.3032.60 | 0.00 6.00 0.00 0.00 32.69 32.75 33.79 | 0.00 0.00 0.00
10 50.75 31.30 33.90 32.10 | -0.90 0.00 0.60 -0.50 27.46 27.9% 31.05 | -5.23 -4.81 -2.74
20 29.15 30.40 33.80 31.90 | -2.50 -0.70 0.50 -0.70 25.12 26.11 29.88 | -7.57 -6.64 -3.91
30 27.00 30.20 33.50 31.60 | -4.65 -1.10 0.20 -1.00 23.17 25.45 29.74 | -9.52 -7.30 -4.05
40 25.55 29.70 33.10 31.40 | -6.10 -1.60 -0.20 -1.20 21.48 25.57 30.08 |-11.21 -7.18 -3.7
50 24.00 29.70 32.80 31.40 | -7.65 -1.60 -0.50 -1.20 19.98 25.71 30.25 |-12.71 -7.04 -3.54
60 23.10 29.20 32.80 31.40 | -8.55 -2.10 -0.50 -1.20 18.63 25.82 30.32 |-14.06 -6.93 -3.47
70 22.35 29.00 32.30 31.40 | -9.30 -2.30 -0.50 -1.20 17.43 25.94 30.36 |-15.26 -6.81 -3.43
80 21.35 29.10 32.90 31.70 |-10.30 -2.20 -0.40 -0.90 16.35 26.07 30.39 |-16.34 -6.68 -3.40
90 20.45 28.80 32.90 32.20 |-11.20 -2.50 -0.40 -0.40 15.37 26.19 30.40 |-17.32 -6.56 -3.39
00 19.80 28.40 33.40 32.40 |-11.85 -2.90 0.10 -0.20 14.50 26.28 30.41 |-18.19 -6.47 -3.38
110 19.15 28.10 34.60 32.60 }-12.50 -3.20 1.30 0.00 13.76 26.36 30.42 |-18.95 -6.39 -3.37
120 18.75 27.80 33.70 32.60 j-12.90 -3.50 0.40 0.00 13.05 26.43 30.42 }-19.66 -6.32 -3.37
130 18.15 27.40 33.60 32.50 |-13.50 -3.90 0.30 -0.10 12.46 26.48 30.42 |-20.23 -6.27 -3.37
140 17.85 27.40 33.80 32.40 §-13.80 -3.90 0.50 -0.20 11.94 26.52 30.43 |-20.75 -6.23 -3.36
150 17.75 26.80 33.30 32.40 |-13.90 -4.50 0.50 -0.20 11.47 26.55 30.43 |-21.22 -6.20 -3.36
160 17.35 27.20 34.10 32.40 |-14.30 -4.10 0.30 -0.20 11.07 26.57 30.44 |-21.82 -6.18 -3.35
170 17.15 27.00 34.00 32.20 |-14.50 -4.30 0.70 -0.40 10.71 26.59 30.44 |-21.98 -6.16 -3.35
180 17.05 27.00 34.00 32.00 |-14.60 -4.30 0.70 -0.40 10.40 26.61 30.44 [-22.29 -6.16 -3.35

TABLE A22. Comparison of human upper body segment temperatures (degrees C) from Pelspu 2 with

Model predictions. Actual temperatures and change from initial temperatures are given,
Data from group P2-f: female subjects. Actual hand temperature is the mean of both hands.
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HUMAN SUBJECT No.: 8 SEX: Female MODEL PREDICTIONS for SUBJECT No.: 8
SUIT: URSUIT 5001 WATER TEMP: 31.37 deg F
TIME FOOT CALF  THIGH | FOOT CALF THIGM FOOT CALF THIGH | FOOT CALF  THIGH
win  mean right | mean right |
(Actual temp.) |  (Change in temp.) (Estimsted temp.) | (Change in temp.)
............................ e meeence—ceaeeececesmesecmeeeesesemesereseaneadennnneneracacanensen
0 31.50 29.50 30.10 ] 0.00 0.00 0.00 35.77 32.98 33.61 ] 0.00 0.00 0.00
10 31.00 26.50 27.50 | -0.50 -3.00 -2.60 31.96 29.50 29.61 | -3.81 -3.48 -4.00
20 30.60 24.40 25.30 | -0.90 -5.10 -4.80 30.39 28.56 2B.46 | -5.38 -4.42 -5.15
30 29.50 22.90 23.70 | -2.00 -6.60 -6.40 29.20 27.87 27.86 | -6.57 -5.11 -5.75
40 27.55 21.70 22.70 | -3.95 -7.80 -7.40 28.22 27.31 27.57 | -7.55 -5.67 -6.04
50 26.35 20.80 21.90 | -5.15 -8.70 -8.20 27.36 26.80 27.39 | -8.41 -6.18 -6.22
60 24.20 20.00 21.40 | -7.30 -9.50 -8.70 26.57 26.33 27.24 | -9.20 -6.65 -6.37
70 22.90 19.40 21.10 | -8.60 -10.10 -9.00 25.87 25.91 27.14 | -9.90 -7.07 -6.47
80 22.60 18.90 20.80 | -8.90 -10.60 -9.30 25.26 25.52 27.07 |-10.53 -7.46 -6.54
90 23.30 18.40 20.80 | -7.70 -11.10 -9.30 26.65 25.17 27.02 |-11.12 -7.81 -6.59
100 21.75 18.10 21.10 | -9.75 -11.40 -9.00 26.12 24.85 26.99 |-11.65 -8.13 -6.62
110 25.30 17.90 21.10 | -6.20 -11.60 -9.00 23.64 24.56 26.96 |-12.13 -8.42 -6.65
120 26.10 17.70 21.00 | -5.40 -11.80 -9.10 23.19 24.29 26.95 |-12.58 -8.69 -6.66
130 26.75 17.60 21.00 | -6.75 -11.90 -9.10 22.79 24.06 26.94 |-12.98 -8.92 -6.67
140 25.10 17.50 20.90 | -6.40 -12.00 -9.20 22.43 23.84 26.93 |-13.34 -9.14 -6.68
150 25.25 17.40 20.70 | -6.25 -12.10 -9.40 22.09 23.65 26.92 |-13.68 -9.33 -6.49
160 25.45 17.20 20.50 { -6.05 -12.30 -9.60 21.78 23.48 26.91 {-13.99 -9.50 -6.70
170 26.95 17.00 20.30 | -6.55 -12.50 -9.80 21.50 23.32 26.91 |-146.27 -9.66 -6.70
180 24.95 16.80 20.10 | -6.55 -12.70 -10.00 21.26 23.17 26.91 |-14.53 -9.81 -6.70

TABLE A23. Comparison of human lower body segment temperatures (degrees C) from Pelapu 2 with
Model predictions. Actual temperatures and change from initial temperatures are given.
Data from group P2-f: female subjects. Actual foot temperature is the mean of both feet.
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WUMAN SUBJECT No.: 9 SEX: Female MODEL PREDICTIONS for SUBJECT No.: 9
SUIT: URSULIT S001 MATER TEMP: 31.37 deg F
TIME  RAND ARM CHEST LOWER | HAND ARM  CHEST LOWER HAND ARM  CHEST | HAND ARM  CHEST
min  mesn right BACK | mean right BACK |
(Actusl temp.) | (Change in temp.) (Estimated temp.) | (Change in temp.)

32.90 33.70 34.6033.80 | 0.00 0.00 ©.00 0.00 32.69 32.75 33.79 | 0.00 0.00 0.00
32.60 31.70 34.20 31,60 | -0.30 -2.00 -0.40 -2.20 27.47 28.13 31.34 | -5.22 -4.62 -2.45
30.80 30.40 33.60 30.40 | -2.10 -3.30 -1.00 -3.40 25.12 26.33 30.23 | -7.57 -6.42 -3.56
29.40 29.40 32.00 29.70 | -3.50 -4.30 -2.60 -4.10 23.16 25.59 30.01 | -9.53 -7.16 -3.78
28.70 28.90 32.60 29.40 | -4.20 -4.80 -2.00 -4.40 21.46 25.86 30.44 |-11.23 -6.91 -3.35
27.80 31.80 28.60 | -5.85 -5.90 -2.80 -5.20 19.95 26.19 30.70 |-12.74 -6.56 -3.09

25.65 27.30 31.50 28.30 | -7.25 -6.40 -3.10 -5.50 18.58 26.43 30.79 |-14.11 -6.32 -3.00

24.80 27.20 30.80 28.20 | -8.10 -6.50 -3.80 -5.60 17.38 26.61 30.83 |-15.31 -6.14 -2.96

23.95 27.40 30.60 28.20 | -8.95 -6.30 -4.00 -5.80 16.30 26.76 30.85 |-16.39 -5.99 -2.9%

22.95 27.10 30.30 28.10 | -9.95 -6.60 -4.30 -5.70 15.32 26.88 30.86 |-17.37 -5.87 -2.93
1 22.20 27.20 29.80 28.10 |-10.70 -6.50 -4.80 -5.70 14.45 26.98 30.86 |-18.2¢ -5.77 -2.93
110 21.50 27.00 30.10 28.10 |-11.40 -6.70 -4.50 -5.70 13.68 27.05 30.87 |-19.01 -5.70 -2.92
120 20.70 26.70 30.10 28.10 |-12.20 -7.00 -4.50 -5.70 12.99 27.11 30.87 |-19.70 -5.64 -2.92
130 20.50 26.90 29.70 28.00 |-12.40 -6.80 -4.90 -5.80 12.39 27.15 30.87 |-20.30 -5.60 -2.92
140 19.85 27.00 29.90 28.10 |-13.05 -6.70 -4.70 -5.70 11.86 27.19 30.88 |-20.83 -5.56 -2.91
150 19.50 27.20 30.00 28.10 |-13.40 -6.50 -4.60 -5.70 11.40 27.22 30.88 |-21.29 -5.53 -2.91
160 19.75 27.20 29.80 23.20 |-13.15 -6.50 -4.30 -5.60 10.99 27.24 30.89 |-21.70 -5.51 -2.90
170 18.85 27.00 29.50 27.50 |-16.05 -6.70 -5.10 -6.30 10.64 27.26 30.89 |-22.05 -5.49 -2.90
180 19.00 27.30 29.20 27.30 |-13.90 -6.40 -5.40 -6.50 10.32 27.27 30.90 |-22.37 -5.48 -2.89
190 19.50 27.20 28.80 27.20 |-13.40 -6.50 -5.80 -6.460 10.05 27.28 30.90 |-22.64 -5.47 -2.89
200 19.30 27.20 29.20 27.30 |-13.60 -6.50 -5.40 -6.50 9.81 27.29 30.90 |-22.88 -5.46 -2.89
210 19.90 27.50 29.50 26.90 |-13.00 -6.20 -5.10 -6.90 9.59 27.30 30.91 |-23.10 -5.45 -2.88
220 19.90 26.80 29.70 28.70 |-13.00 -6.90 -4.90 -5.10 9.41 27.31 30.91 [-23.28 -5.44 -2.88
230 19.60 26.60 29.30 25.70 |-13.30 -7.10 -5.30 -8.10 9.26 27.32 30.92 |-23.45 -5.43 -2.87
240 19.25 26.60 29.20 24.00 |-13.65 -7.10 -5.40 -9.80 9.10 27.32 30.92 |-23.59 -5.43 -2.87
250 18.% ° 26.30 29.10 23.60 |-13.95 -7.40 -5.50 -10.20 8.97 27.33 30.92 |-23.72 -5.42 -2.87
260 18.45 26.00 28.90 22.80 |-14.45 -7.70 -5.70 -11.00 8.86 27.33 30.92 |-23.83 -5.42 -2.87
270 18.30 25.80 29.10 22.00 |-14.80 -7.90 -5.50 -11.80 8.77 27.34 30.93 |-23.92 -5.41 -2.86
280 18.20 25.50 28.90 20.90 |-14.70 -8.20 -5.70 -12.90 8.68 27.34 30.93 |-24.01 -5.41 -2.86
290
300

8883888836
2
]

17.60 25.30 29.30 22.30 |-15.30 -8.40 -5.30 -11.50 8.61 27.34 30.93 |-24.08 -5.41 -2.86

17.45 25.30 29.50 22.00 [-15.45 -8.40 -5.10 -11.80 8.54 27.34 30.93 |-24.15 -5.41 -2.86
310 17.30 25.20 29.50 22.10 |-15.60 -8.50 -5.10 -11.70 8.48 27.35 30.93 [-24.21 -5.40 -2.86
320 17.40 24.60 29.30 21.80 |-15.50 -9.10 -5.30 -12.00 8.43 27.35 30.93 [-26.26 -5.40 -2.86
330 16.85 24.70 29.60 22.50 [-16.05 -9.00 -5.00 -11.30 8.39 27.35 30.93 |-26.30 -5.40 -2.8%
340 16.80 24.40 29.49 21.40 |-16.10 -9.30 -5.20 -12.40 8.35 27.35 30.93 |-24.34 -5.40 -2.86
350 16.90 24.10 29.50 22.30 |-16.00 -9.60 -5.10 -11.50 8.32 27.35 30.93 |-24.37 -5.40 -2.86
360 16.70 24.30 29.90 22.70 |-16.20 -9.40 -4.70 -11.10 8.29 27.35 30.93 |-24.40 -5.40 -2.86

TABLE A24. Comparison of human upper body segment temperatures (degrees C) from Pelapu 2 with

Model predictions. Actual temperatures and change from initial temperatures are given.
Data from group P2-f: female subjects. Actual hand temperature is the mean of both hands.
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HUMAN SUBJECT No.: 9 SEX: female MODEL PREDICTIONS for SUBJECT No.: 9
SUIT: URSUIT S001 WATER TEMP: 31.37 deg F
TIME FOOT CALF  THIGH | FOOT CALF  THIGH FOOT CALF  THIGHM | FOOT CALF  THIGH
min  mesn right | mean right |
(Actusl temp.) | (Change in temp.) (Estimated temp.) | (Change in temp.)
............................ #eeerecceseemamcesseecesececemvemeecesenmeesenesepaacsaneranenanaoeannn
0 33.80 30.10 29.40 | 0.00 0.00 0.00 35.76 32.98 33.61 | 0.00 0.00 0.00
10 32.55 26.20 25.30 | -1.25 -3.90 -4.10 31.97 29.89 29.97 | -3.79 -3.09 -3.64
20 31.30 2.40 23.50 | -2.50 -5.70 -5.90 30.39 29.01 28.94 | -5.37 -3.97 -4.67
30 30.45 23.30 22.30 | -3.35 -6.80 -7.10 29.19 28.33 28.40 | -6.57 -4.65 -5.21
40 29.95 22.830 21.70 | -3.85 -7.30 -7.70 28.21 27.76 28.19 | -7.55 -5.22 -5.42
S0 28.95 21.30 20.30 | -4.85 -8.80 -8.60 27.35 27.26 28.09 | -8.41 -5.72 -5.52
60 27.90 20.40 20.20 | -5.90 -9.70 -9.20 26.56 26.79 28.00 | -9.20 -6.19 -5.61
70 27.00 20.00 20.00 [ -6.80 -10.10 -9.40 25.86 26.37 27.94 | -9.90 -6.61 -5.67
80 26.35 19.80 19.80 | -7.45 -10.30 -9.80 25.22 25.98 27.90 |-10.56 -7.00 -5.7%
90 25.50 19.00 19.50 | -8.30 -11.10 -9.90 26.63 25.63 27.87 }-11.13 -7.35 -5.74
100 26.80 18.40 19.50 | -9.00 -11.70 -9.90 26.11 25.32 27.85 )-11.65 -7.66 -5.76
110 23.70 17.80 19.50 |-10.10 -12.30 -9.90 23.63 25.04 27.8 |-12.13 -7.94 -5.77
120 23.00 17.60 19.50 {-10.80 -12.50 -9.90 23.18 24.78 27.8, |-12.58 -8.20 -5.77
130 22.75 17.50 19.70 |-11.05 -12.60 -9.70 22.78 24.55 27.83 |-12.98 -8.43 -5.78
140 22.35 17.40 19.60 |-11.45 -12.70 -9.80 22.42 24.35 27.83 {-13.3¢ -8.63 -5.78
150 21.40 17.40 19.40 [-12.40 -12.70 -10.00 22.08 24.16 27.83 |-13.68 -8.82 -5.78
160 21.10 17.30 19.40 |-12.70 -12.80 -10.00 21.78 23.99 27.83 |-13.98 -8.99 -5.78
170 19.50 16.40 18.80 |-14.30 -13.70 -10.60 21.50 23.84 27.83 [-14.26 -9.14 -5.78
180 18.90 15.90 18.80 |-14.90 -14.20 -10.60 21.25 23.71 27.83 |-14.51 -9.27 -5.78
190 18.55 16.30 18.80 [-15.25 -13.80 -10.60 21.01 23.58 27.82 |-14.75 -9.40 -5.79
200 18.30 16.30 18.90 |-15.50 -13.80 -10.50 20.80 23.47 27.82 |-14.96 -9.51 -5.79
210 17.90 16.10 18.70 |-15.90 -14.00 -10.70 20.61 23.37 27.82 |-15.15 -9.61 -5.79
220 18.05 15.80 18.70 |-15.75 -14.30 -10.70 20.43 23.28 27.82 |-15.33 -9.70 -5.79
230 17.30 15.70 18.50 |-16.50 -14.40 -10.90 20.26 23.19 27.82 |-15.50 -9.79 -5.79
2,0 16.90 15.90 18.50 |-16.90 -14.20 -10.90 20.11 23.12 27.82 }-15.65 -9.86 -5.79
250 16.50 15.80 18.60 |-17.30 -14.30 -10.80 19.97 23.05 27.82 |-15.7%9 -9.93 -5.79
260 16.55 16.00 18.830 }-17.25 -14.10 -10.60 19.85 22.98 27.82 |-15.91 -10.00 -5.79
270 16.55 15.80 18.90 |-17.25 -14.30 -10.50 19.73 22.92 27.82 |-16.03 -10.06 -5.79
280 16.40 15.80 18.90 ]-17.40 -14.30 -10.50 19.62 22.87 27.82 |-16.14 -10.11 -5.79
290 15.80 15.70 19.10 |-18.00 -14.40 -10.30 19.53 22.82 27.82 |-16.23 -10.16 -5.79
300 15.65 16.10 19.30 |-18.15 -14.00 -10.10 19.44 22.78 27.82 |-16.32 -10.20 -5.79
310 15.60 15.90 19.10 |-18.20 -14.20 -10.30 19.35 22.74 27.82 }-16.41 -10.264 -5.79
320 14.85 15.50 19.40 ]-18.95 -14.60 -10.00 19.28 22.70 27.81 |-16.48 -10.28 -5.80
330 14.85 15.40 19.40 |-18.95 -14.70 -10.0C 19.21 22.66 27.81 |-16.55 -10.32 -5.80
360 14.95 15.50 19.30 [-18.85 -14.60 -10.10 19.14 22.63 27.81 |-16.62 -10.35 -5.80
350 14.85 15.20 19.30 |-18.95 -14.90 -10.10 19.08 22.60 27.81 |-16.68 -10.38 -5.80
360 14.80 15.30 19.30 |-19.00 -14.80 -10.10 19.03 22.58 27.81 |-16.73 -10.40 -5.80
TABLE A25. Comparison of human lower body segment temperatures (degrees C) from Pelapu 2 with

Model predictions.

NAWCADWAR-93069-60

Data from group P2-f: female subjects.

Actual temperatures snd change from initial temperatures are given.

Actual foot temperature is the mean of both feet.
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NAWCADWAR-93069-60

NUMAN SUBJECT No.: 14 SEX: Female MODEL PREDICTIONS for SUBJECT No.: 14
SUIT: URSUIT 5001 WATER TEMP: 31.37 deg F

TIME NANO  ARM CHEST LOWER | HAND  ARM CHEST LOWER HAND  ARM CMEST | HAND  ARM  CHEST

min  mean right BACK | mean right BACK i
(Actual temp.) | (Change in temp.) (Estimated temp.) | (Change in temp.)

................................. etecmemeecsmmesaesecseseecmesaceeeseeeeeeseran e adeseeenearaeeeaoneann
0 30.40 32.20 36.00 33.60 | 0.00 0.00 0.00 0.00 32.69 32.75 33.79 | 0.00 0.00 0.00
10 29.45 30.90 35.80 32.80 | -0.95 -1.30 -0.20 -0.80 2r.45 27.66 30.59 | -5.26 -5.09 -3.20
20 28.75 30.10 35.30 32.30 | -1.65 -2.10 -0.70 -1.30 25.11 25.72 29.23 | -7.58 -7.03 -4.56
30 27.45 28.00 35.20 32.20 | -2.95 -4.20 -0.80 -1.40 BT 2%4.96 29.04 | -9.52 -7.79 -4.75
40 26.50 27.60 35.00 32.30 | -3.90 -4.60 -1.00 -1.30 21.49 24.75 29.16 |-11.20 -8.00 -4.63
50 25.45 26.70 34.80 32.40 | -4.95 -5.50 -1.40 -1.20 20.00 24.71 29.28 |-12.69 -8.04 -4.51
60 23.10 25.20 34.30 32.80 | -7.30 -7.00 -1.70 -0.80 18.65 24.72 29.36 |-14.046 -8.03 -4.43
70 22.15 24.90 34.20 32.90 | -8.25 -7.30 -1.80 -0.70 12.46 26.76 29.40 |-15.23 -7.99 -4.39
80 21.10 24.10 34.00 32.90 | -9.30 -8.10 -2.00 -0.70 16.39 24.80 29.43 |-16.30 -7.95 -4.36
90 20.15 23.30 33.30 32.80 |-10.25 -8.90 -2.70 -0.80 15.41 24.86 29.45 |-17.28 -7.89 -4.34
00 19.55 23.00 33.60 32.90 |-10.85 -9.20 -2.40 -0.70 14.55 264.93 29.46 |-18.14 -7.82 -4.33
110 18.85 23.10 33.20 32.80 }-11.55 -9.10 -2.80 -0.80 13.79 26.99 29.47 |-18.90 -7.76 -4.32
120 17.95 22.80 33.20 31.90 |-12.45 -9.40 -2.80 -1.70 13.11 25.05 29.48 |-19.58 -7.70 -4.3t
130 17.15 22.60 33.30 30.60 }-13.25 -9.40 -2.70 -3.00 12.52 25.10 29.49 |-20.17 -7.65 -4.30
140 16.95 21.80 33.60 29.80 |-13.45 -10.40 -2.40 -3.80 12.01 25.14 29.49 |-20.68 -7.61 -4.30
150 16.35 21.80 33.30 29.00 |-14.05 -10.40 -2.70 -4.60 11.56 25.18 29.50 |-21.15 -7.57 -4.29
160 16.20 21.40 33.40 28.10 |-14.20 -10.60 -2.60 -5.50 11.16 25.21 29.50 |-21.55 -7.54 -4.29
170 16.05 21.30 33.90 27.60 |-14.35 -10.90 -2.10 -6.00 10.79 25.26 29.51 |-21.90 -7.51 -4.28
180 15.85 20.30 34.10 27.20 |-14.55 -11.90 -1.90 -6.40 10.47 25.26 29.51 |-22.22 -7.49 -4.28
190 15.55 19.80 34.00 26.80 |-16.85 -12.40 -2.00 -6.80 10.20 25.27 29.51 |-22.49 -7.48 -4.28
200 15.95 19.40 33.70 26.80 |-14.45 -12.80 -2.30 -6.30 9.96 25.29 29.51 [-22.73 -7.46 -4.28
210 15.90 19.10 33.70 26.40 |-14.50 -13.10 -2.30 -7.20 9.75 25.30 29.52 |-22.94 -7.45 -4.27
15.90 18.50 33.80 25.80 |-14.50 -13.70 -2.20 -7.80 9.56 25.31 29.52 |-23.13 -7.44 -4.27
15.90 18.00 34.60 25.30 |-14.50 -16.20 -1.40 -8.30 9.40 25.32 29.52 |-23.29 -7.43 -4.27
15.95 17.80 34.10 25,30 |-14.45 -14.40 -1.90 -8.30 9.25 25.33 29.53 |-23.44 -T.42 -4.26
15.35 17.40 33.90 25.10 |-15.05 -14.80 -2.10 -8.50 9.13 25.33 29.53 |-23.56 -7.42 -4.26
15.90 17.30 34.30 25.00 |-14.50 -14.90 -1.70 -8.80 9.02 25.34 29.53 |-23.67 -7.41 -4.26
270 15.90 17.40 34.30 25.00 |-14.50 -14.80 -1.70 -8.60 8.92 5.34 29.53 |-2B3.77 -7.41 -4.26
280 15.65 16.60 33.90 24.90 |-16.75 -15.60 -2.10 -8.70 8.83 25.35 29.53 |-23.86 -7.40 -4.26
290 15.60 16.30 33.80 24.60 |-14.80 -15.90 -2.20 -9.00 8.76 25.35 29.53 |-23.93 -7.40 -4.26
300 15.45 16.00 33.830 24.60 |-14.95 -16.20 -2.20 -9.00 8.69 25.35 29.53 |-24.00 -7.40 -4.26

gZUN

TABLE A26. Comparison of human upper body segment temperatures (degrees C) from Pelapu 2 with
Model predictions. Actual temperatures and change from initial temperatures are given.
Oata from group P2-f: femsle subjects. Actual hand temperature is the mean of both hands.
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HUMAN SUBJECT No.: 14 SEX: Femsle MODEL PREDICTIONS for SUBJECT No.: 14
SUIT: URSULIT S001 VWATER TENP: 31.37 deg F
TIME FOOT CALF  THNIGH | POOT  CALF  TNIGH FOOT CALF  TNIGH | FOOT CALF  THNIGH
min  mean right | sesn right |
(Actual temp.) | (Change in tesp.) (Estimated temp.) | (Change in temp.)
............................ Becceccceeescavesaesenenresnc essetansacattensastodesenasosennsonrmenan
0 26.60 30.30 29.20 | 0.00 0.00 0.00 35.77 32.98 33.61 | 0.00 0.00 0.00
10 25.65 29.80 27.10 | -0.95 -0.70 -2.10 31.96 29.08 29.20 | -3.81 -3.90 -4.41
24,55 29.40 25.90 | -2.05 -1.10 -3.30 30.39 28.00 27.76 | -5.38 -4.98 -5.85
30 23.55 28.70 24.90 | -3.05 -1.80 -4.30 .2 27.26 26.% | -6.55 -5.72 -6.67
22.60 28.10 24.40 | -4.00 -2.40 -4.80 28.24 26.68 26.46 | -7.53 -6.30 -7.15
50 21.70 27.40 23.80 | -4.90 -3.10 -5.40 27.38 26.16 26.14 | -8.39 -6.82 -7.47
20.80 26.80 23.40 | -5.80 -3.90 -5.80 26.61 25.70 25.91 | -9.16 -7.28 -7.70
19.85 26.00 23.20 | -6.75 -4.50 -6.00 S5.91 25.27 25.74 | -9.86 -7.71 -7.87
19.00 25.40 23.00 | -7.60 -5.10 -6.20 25.28 24.88 25.60 |-10.49 -83.10 -8.01
18.10 24.90 22.80 | -8.50 -5.60 -6.40 26.70 24.52 25.50 }-11.07 -8.46 -8.11
100 17.90 25.00 22.80 | -8.70 -5.50 -6.40 26.18 24.20 25.42 {-11.59 -8.78 -8.19
110 17.55 25.00 22.40 | -9.05 -5.50 -6.80 23.70 23.90 25.35 |-12.07 -9.08 -8.2%
120 16.85 24.50 22.00 | -9.75 -6.00 -7.20 B3.26 3.63 25.31 |-12.51 -9.35 -8.30
130 16.70 24.20 21.80 | -9.90 -6.30 -7.40 22.86 23.38 25.27 |-12.91 -9.60 -8.34
140 17.05 24.10 21.60 | -9.55 -6.40 -7.60 2.49 2B.16 25.24% |-13.28 -9.82 -8.37
150 16.85 23.90 20.90 | -9.75 -6.60 -8.30 22.15 22.96 25.22 |-13.62 -10.02 -8.39
160 16.45 23.30 21.00 }-10.15 -7.20 -8.20 21.85 22.77 25.20 |-13.92 -10.21 -8.41
170 16.75 22.80 21.00 | -9.85 -7.70 -8.20 21.56 22.61 25.19 |-14.21 -10.37 -8.42
180 16.90 22.60 20.80 | -9.70 -7.90 -8.40 21.30 22.45 25.17 |-14.47 -10.53 -8.44
190 16.85 22.30 20.70 | -9.75 -8.20 -8.50 21.06 22.31 25.16 |-14.71 -10.67 -8.45
200 16.10 22.00 20.80 |-10.50 -8.50 -8.40 20.85 22.19 25.15 |-14.92 -10.79 -8.46
210 15.45 21.90 20.90 }-11.15 -8.60 -8.30 20.66 22.07 25.15 |-15.13 -10.91 -8.46
220 14.95 21.90 20.90 |-11.65 -8.60 -8.3¢ 20.46 21.97 25.14 |-15.31 -11.01 -8.47
230 14.65 21.70 20.80 |-11.95 -8.80 -8.40 20.29 21.87 25.14 |-15.48 -11.11 -8.47
260 14.65 21.70 20.90 |-11.95 -8.80 -8.30 20.13 21.78 25.13 |-15.64 -11.20 -8.43
250 15.55 21.40 21.00 j-11.05 -9.10 -8.20 19.98 21.70 25.13 |-15.79 -11.28 -8.48
260 16.05 21.30 21.00 |-10.55 -9.20 -8.20 19.85 21.63 25.12 |-15.92 -11.35 -B8.49
270 15.90 21.00 21.00 |-10.70 -9.50 -8.20 19.73 21.56 25.12 |-16.06 -11.42 -8.49
280 15.15 20.70 21.10 |-11.45 -9.80 -8.10 19.61 21.50 25.12 |-16.16 -11.48 -8.49
290 14.35 21.10 21.20 |-12.25 -9.40 -8.00 19.51 21.45 25.11 |-16.26 -11.53 -8.50
300 13.85 21.10 21.00 [-12.75 -9.40 -8.20 19.41 21.40 25.11 [-16.36 -11.58 -B8.50
TABLE A27. Comparison of human lower body segment temperatures (degrees C) from Pelapu 2 with

Model predictions.

NAWCADWAR-93069-60

Data from group P2-f: female subjects.

Actual temperatures and change from initial temperatures are given.

Actual foot temperature is the mesn of both feet.

A-25




N/\WCADWAR-93069-60

NUMAN SUSJECT No.: 13 SEX: Femsle NODEL PREDICTIONS for SUBJECT No.: 13
SIT: RUKKA 5330 WATER TEMP: 31.37 deg F
TINE NAND ARM  CHEST LOWER | HAND ARM  CHEST LOWER NAND ARM  CHEST | HAND ARM  CHEST
min mesn right BACK | mean right 8ACK i
(Actual temp.) | (Change in temp.) (Estimated temp.) | (Change in temp.)

32.90 36.10 34.30 | 0.00 0.00 0.00 0.00 32.69 32.75 33.79 | 0.00 0.00 0.00
29.10 32.40 35.90 34.90 | -0.60 -0.50 -0.20 0.10 27.46 28.04 31.22 | -5.83 -4.71 -2.57
29.60 31.20 35.70 34.60 | -0.10 -1.70 -0.40 -0.20 3.1 26.23 30.07 | -7.58 -6.52 -3.72
28.50 30.90 35.30 34.10 | -1.20 -2.00 -0.80 -0.70 B.15 25.5 29.91 | -9.5¢ -7.21 -3.88
27.80 32.00 35.60 33.80 | -1.90 -0.90 -0.50 -1.00 21,45 25.75 30.31 |-11.26 -7.00 -3.48
28.50 32.30 35.50 33.60 | -1.20 -0.60 -0.60 -1.20 19.9¢ 25.99 30.51 {-12.75 -6.76 -3.28
31.60 35.00 33.30 | -2.50 -1.30 -1.10 -1.50 18.58 26.17 30.59 |[-14.11 -6.58 -3.20
26.15 31.10 34.90 33.10 | -3.55 -1.80 -1.20 -1.70 17.38 26.33 30.63 |-15.31 -6.42 -3.16
25.75 31.20 34.60 32.80 | -3.95 -1.70 -1.50 -2.00 16.30 26.47 30.66 }-16.39 -6.28 -3.13
2..80 30.60 34.60 32.40 | -4.90 -2.30 -1.50 -2.40 15.32 26.59 30.67 |-17.37 -6.16 -3.12
2..40 30.70 34.60 32.20 | -5.30 -2.20 -1.50 -2.60 14.46 26.69 30.68 {-18.23 -6.06 -3.11

S0
3
3

8383285y
8
N

110 26.05 30.50 34.70 31.90 | -5.65 -2.40 -1.40 -2.90 13.68 26.76 30.68 |-19.01 -5.9 -3.11
120 23.25 29.90 34.50 31.70 | -6.45 -3.00 -1.60 -3.10 13.00 26.82 30.68 |-19.69 -5.93 -3.11
130 22.35 30.40 33.70 31.50 | -7.35 -2.50 -2.40 -3.30 12.40 26.87 30.69 |-20.29 -5.88 -3.10
140 22.30 29.80 33.80 31.50 | -7.40 -3.10 -2.30 -3.30 11.87 26.90 30.69 |-20.82 -5.85 -3.10

150 21.35 29.20 33.70 31.50 | -8.35 -3.70 -2.40 -3.30 11.41 26.93 30.70 |-21.28 -5.82 -3.09

160 21.30 28.80 34.00 31.70 | -8.40 -4.10 -2.10 -3.10 11.00 26.96 30.70 |-21.69 -5.79 -3.09
170 20.90 29.00 34.20 31.70 | -8.80 -3.90 -1.90 -3.10 10.65 26.97 30.71 |-22.04 -5.78 -3.08
180 20.10 28.70 34.40 31.80 | -9.60 -4.20 -1.70 -3.00 10.33 26.99 30.71 |-22.36 -5.76 -3.08
190 19.90 28.50 34.30 31.80 | -9.80 -4.40 -1.80 -3.00 10.06 27.00 30.72 |-22.63 -5.75 -3.07
200 20.05 28.50 35.00 31.80 | -9.65 -4.40 -1.10 -3.00 9.82 27.01 30.72 |-22.87 -5.74 -3.07

210 19.95 28.50 35.20 31.80 | -9.75 -4.40 -0.90 -3.00 ° 9.61 27.02 30.73 |-23.08 -5.73 -3.06
220 19.90 28.60 34.90 31.80 | -9.80 -4.30 -1.20 -3.00 9.42 27.03 30.73 |-23.27 -5.72 -3.06
230 19.20 28.20 34.60 31.70 |-10.50 -4.70 -1.50 -3.10 9.26 27.04 30.73 |-23.43 -5.71 -3.06
240 19.90 29.50 34.40 31.70 | -9.80 -3.40 -1.70 -3.10 9.11 27.04 30.74 |-23.58 -5.71 -3.05

20.45 30.80 34.30 31.80 | -9.25 -2.1¢ -1.80 -3.00 8.99 27.05 30.74% |-23.70 -5.70 -3.05
19.95 30.40 34.10 31.80 | -9.75 -2.50 -2.00 -3.00 8.88 27.05 30.74 |-23.81 -5.70 -3.05
19.50 30.70 34.10 31.80 |{-10.20 -2.20 -2.00 -3.00 8.78 27.06 30.74 |-23.91 -5.69 -3.05
4 30.70 34.00 31.90 |-10.10 -2.20 -2.10 -2.90 8.70 27.06 30.74 {-23.99 -5.69 -3.05
19.15 30.10 33.90 32.00 |-10.55 -2.80 -2.20 -2.80 8.62 27.06 30.75 |-24.07 -5.69 -3.04
19.80 29.70 34.00 31.90 | -9.90 -3.20 -2.10 -2.90 8.56 27.06 30.75 |-24.13 -5.69 -3.04

FTELE
:

TABLE A28. Comparison of humsn upper body segment temperatures (degrees C) from Pelapu 2 with
Model predictions. Actual temperatures and change from initial temperatures are given.
Data from group P2-f: female subjects. Actual hand temperature is the mean of both hands.
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NAWCADWAR-93069-60
MUMAN SUBJECT No.: 13 SEX: Femsle MODEL PREDICTIONS for SUBJECT No.: 13
SUIT: RUKKA 8380 WATER TENP: 31.37 deg F
TIME POOT CALF THIGH | FOOT CALF  THIGH FOOT CALF THIGH | FOOT CALF  TMIGH
min  mean right | mean right |
(Actual temp.) | (Change in temp.) (Estimated temp.) | (Change in temp.)
............................ eeeemsesesecesseememscmeteteceesaneonmaemesamasaadesoncnareavreeanacnaee
0 29.90 30.830 29.70 | 0.00 0.00 0.00 35.76 32.98 33.61 | 0.00 0.00 0.00
10 29.00 30.00 28.80 | -0.90 -0.80 -0.90 31.96 29.71 29.80 | -3.80 -3.27 -3.81
20 28.95 28.90 27.30 | -0.95 -1.90 -2.40 30.38 28.80 28.72 | -5.38 -4.18 -4.89
30 28.45 28.00 26.20 | -1.45 -2.8%0 -3.50 29.19 28.12 28.15 | -6.57 -4.86 -5.46
40 27.25 27.30 25.40 | -2.65 -3.50 -4.30 28.21 27.56 27.92 | -7.55 -5.42 -5.89
S0 27.05 26.70 24.80 | -2.85 -4.10 -4.90 27.35 27.05 27.78 | -8.41 -5.93 -5.83
60 26.25 26.10 26.10 | -3.85 -4.70 -5.60 26.56 26.58 27.67 | -9.20 -6.40 -5.9%
70 25.80 25.60 23.60 | -4.10 -5.20 -6.10 25.86 26.16 27.59 | -9.90 -6.82 -6.02
80 246.65 25.10 23.30 | -5.25 -5.70 -6.40 25.23 25.78 27.54 |-10.53 -7.20 -6.07
90 264.75 26.80 23.%0 | -5.15 -6.00 -6.60 26.66 25.43 27.51 |-11.12 -7.55 -6.10
100 26.90 24.50 22.90 | -5.00 -6.30 -6.80 26.11 25.11 27.48 |-11.65 -7.87 -6.13
110 246.15 26.10 22.80 | -5.75 -6.70 -6.90 23.64 26.83 27.47 |-12.12 -8.15 -6.14
120 24.00 23.90 22.60 | -5.90 -6.90 -7.10 23.19 24.57 27.46 |-12.57 -B.41 -6.15
130 22.80 23.70 22.30 | -7.10 -7.10 -7.40 22.80 24.34 27.46 |-12.96 -B.64 -6.15
140 21.55 23.40 22.10 | -8.35 -7.40 -7.60 22.43 26.14 27.45 |-13.33 -8.84 -6.16
150 20.80 23.10 21.90 | -9.10 -7.70 -7.80 22.10 23.95 27.45 |-13.66 -9.03 -6.16
160 20.10 22.90 21.90 | -9.80 -7.90 -7.80 21.79 23.78 27.44 }-13.97 -9.20 -6.17
170 19.15 22.70 22.00 {-10.75 -8.10 -7.70 21.52 23.63 27.44 |-14.26 -9.35 -6.17
180 18.00 22.50 22.00 |[-11.90 -8.30 -7.70 21.26 23.49 27.44 [-14.50 -9.49 -6.17
190 17.50 22.40 22.00 |-12.40 -8.40 -7.70 21.03 23.36 27.44 |-.T3 -9.52 -6.17
200 17.05 22.10 21.80 |-12.85 -8.70 -7.90 20.82 23.25 27.44 |-14.9%% -9.73 -6.17
210 16.70 21.90 21.60 |-13.20 -8.90 -8.10 20.62 23.15 27.44 |-15.16 -9.83 -6.17
220 16.00 21.70 21.40 |-13.90 -9.10 -8.30 20.44 23,05 27.43 {-15.32 -9.93 -6.18
230 15.35 21.30 21.20 |-14.55 -9.50 -8.50 20.28 22.97 27.43 |-15.48 -10.01 -6.18
260 16.70 21.00 21.00 }-15.20 -9.30 -8.70 20.12 22.89 27.43 |-15.64 -10.09 -6.18
250 14.00 20.80 21.00 |-15.90 -10.00 -8.70 19.99 22.82 27.43 |-15.77 -10.16 -6.18
260 13.75 20.80 21.10 }|-16.15 -10.00 -8.60 19.86 22.76 27.43 |-15.90 -10.22 -6.18
270 13.35 20.60 21.30 {-16.55 -10.20 -8.40 19.76 22.70 27.43 |-16.02 -10.28 -6.18
280 13.10 20.50 21.30 |-16.80 -10.30 -8.40 19.63 22.64 27.43 [-16.13 -10.34 -6.18
290 12.85 20.30 21.30 |[-17.05 -10.50 -8.40 19.54 22.59 27.43 |-16.22 -10.39 -6.18
300 12.65 20.10 21.30 |-17.25 -10.70 -8.40 19.44 22.55 27.43 |-16.32 -10.43 -6.18

TABLE A29. Comparison of humsn lower body sSegment temperatures (degrees C) from Pelapu 2 with
Model predictions. Actual temperatures and change from initial temperatures are given.
Data from group P2-f: female subjects. Actual foot temperature is the mean of both feet.
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NAWCADWAR-93069-60

HUMAN SUBJECT No.: 15 SEX: Female MODEL PREDICTIONS for SUBJECT No.: 15
SUIT: RUKKA 8380 WATER TEMP: 31.37 deg F
TINE  NAND ARM CHEST LOWER | HAND ARM  CHEST LOMER HAND ARM  CHEST | NAND ARM  CHEST
min  mesn right SACK | mean right BACK I
(Actual temp.) | (Change in temp.) (Estimated temp.) | (Change in tesp.)

--------------------------------- B T T L L L L R R T LY T X r e G i p ey

G 33.50 32.20 34.80 33.90 | 0.00 0.00 0.00 0.00 32.69 32.75 33.79 | 0.00 0.00 0.00
32.70 31.30 34.30 33.20 | -0.80 -0.90 -0.50 -0.70 2r.46 27.717 30.70 | -5.23 -5.04 -3.09
31.60 30.70 34.20 32.90 | -1.90 -1.50 -0.60 -1.00 25.11 25.80 29.37 | -7.58 -6.95 -4.42
30.60 30.00 34.10 33.00 | -2.90 -2.20 -0.70 -0.90 2.16 25.10 29.23 | -9.53 -7.65 -4.56
29.35 29.50 33.80 33.00 | -4.15 -2.70 -1.00 -0.90 21.47 26.96 29.39 |-11.22 -7.79 -4.40
27.55 29.00 33.10 32.90 | -5.95 -3.20 -1.70 -1.00 19.98 24.94 29.51 |-12.71 -7.81 -4.28
28.00 32.60 32.80 | -7.35 -4.20 -2.20 -1.10 18.63 24.98 29.59 |-14.06 -7.77 -4.20
25.50 27.30 31.90 32.90 | -8.00 -4.90 -2.90 -1.00 17.43 25.03 29.63 |-15.26 ~7.T2 -4.16
26.45 26.90 31,60 32.80 ) -9.05 -5.30 -3.20 -1.10 16.36 25.09 29.66 |-16.33 -7.66 -4.13
23.35 26.50 31.40 32.830 |-10.15 -5.70 -3.40 -1.10 15.38 25.17 29.69 |-17.31 -7.58 -4.10
22.55 26.30 31.40 32.80 |-10.95 -5.90 -3.40 -1.10 146.52 25.25 29.70 |-18.17 -7.50 -4.09
110 21.60 25.70 31.20 32.80 }-11.90 -6.50 -3.60 -1.10 13.75 25.32 29.71 |-18.96 -7.43 -4.08
120 21.20 26.00 31.40 32.90 |-12.30 -6.20 -3.40 -1.00 13.07 25.38 29.72 |-19.62 -7.37 -4.07
130 20.60 24.90 31.80 33.00 |-12.90 -7.30 -3.00 -0.90 12.48 25.43 29.73 |-20.21 -7.32 -4.06
140 20.10 25.10 32.30 33.10 |-13.40 -7.10 -2.50 -0.80 11.96 25.48 29.73 |-20.73 -7.27 -4.06
150 19.95 25.10 32.60 33.10 |-13.55 -7.10 -2.20 -0.30 11.50 25.51 29.74 |-21.19 -7.24 <4.0S
160 20.25 24.90 32.70 33.00 |-13.25 -7.30 -2.10 -0.90 11.10 25.54 29.74 [-21.59 -7.21 -4.05
170 20.15 24.70 32.70 33.00 |-13.35 -7.50 -2.10 -0.90 10.75 25.56 29.74 |-21.96 -7.19 -4.05
180 20.05 25.00 32.70 33.00 |-13.45 -7.20 -2.10 -0.90 10.43 25.58 29.75 |-22.26 -7.17 -4.04
190 19.70 24.40 32.30 32.80 |-13.80 -7.80 -2.50 -1.10 10.16 25.60 29.75 |-22.53 -7.15 -4.04
200 20.20 25.00 32.20 32.90 |-13.30 -7.20 -2.60 -1.00 9.92 25.61 29.75 |-22.77 -7.14 -4.04
210 20.50 25.50 32.30 32.30 |-13.00 -6.70 -2.50 -1.10 9.71 25.62 29.76 |-22.98 -7.13 -4.03
220 20.90 25.90 32,30 32.80 |-12.60 -6.30 -2.50 -1.10 9.52 25.63 29.76 |-23.17 -7.12 -4.03
230 20.95 26.60 32.00 32.70 j-12.55 -5.60 -2.80 -1,20 9.36 25.64 29.76 |-23.33 -7.11 -4.03
260 20.80 26.00 32,30 32.70 |-12.70 -6.20 -2.50 -1.20 9.22 25.65 29.77 [-23.47 -7.10 -4.02
250 20.30 26.00 32.00 32.60 |-13.20 -6.20 -2.80 -1.30 9.09 25.65 29.77 |-23.60 -7.10 -4.02
260 20.45 25.70 31.90 32.70 {-13.05 -6.50 -2.90 -1,20 8.98 25.66 29.77 |-23.71 -7.09 -4.02
270 20.85 26.10 32.30 32.80 |-12.65 -6.10 -2.50 -1.10 8.88 25.66 29.77 |-23.81 -7.09 -4.02
280 21.10 26.30 32.50 32.90 |-12.40 -5.90 -2.30 -1.00 8.80 25.67 29.77 |-23.89 -7.08 -4.02
290 21.45 26.50 32,50 32.90 |-12.05 -5.70 -2.30 -1.00 8.73 25.67 29.77 |-23.96 -7.08 -4.02
300 21.50 26.60 32.20 32.90 |-12.00 -5.60 -2.60 -1.00 8.66 25.67 29.77 |-24.03 -7.08 -~4.02
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TABLE A30. Comparison of human upper body segment temperatures (degrees C) from Pelapu 2 with
Model predictions, Actual temperatures and change from initial temperatures are given.
Data from group P2-f: female subjects. Actual hand temperature is the mesn of both hands.
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NAWCADWAR-93069-60
HUMAN SUBJECT No.: 15 SEX: Female MODEL PREDICTIONS for SUBJECT No.: 15
SUIT: RUKKA 8380 WATER TEMP: 31.37 deg F
TIME FOOT CALF  THIGH | FOOT  CALF  THIGH FOOT CALF  THIGN | FOOT CALF  THIGH
min  mean right | mean right |
. (Actual temp.) | (Change in temp.) (Estimated temp.) | (Change in temp.)
............................ #emseceeccccusseenseacecscessetatcstccmaateacenseetecscnnnnanasensaneans
0 32.15 26.50 26.50 | 0.00 0.00 0.00 35.77 32.98 33.61 | 0.00 0.00 0.00
- 10 31.10 24.90 24.30 | -1.05 -1.60 -2.20 31.97 29.12 29.26 | -3.80 -3.86 -4.35
30.30 23.90 22.80 | -1.85 -2.60 -3.70 30.39 28.05 27.87 | -5.38 -4.93 -5.7%
30 29.50 23.00 21.80 | -2.65 -3.50 -4.70 29.22 27.33 27.10 | -6.55 -5.65 -6.51%
28.85 22.20 21.00 | -3.30 -4.30 -5.50 28.26 26.75 26.67 | -7.53 -6.23 -6.94
50 27.60 20.90 20.40 | -4.55 -5.60 -6.10 27.39 26.23 26.37 | -8.38 -6.75 -7.2%
26.80 20.30 20.00 | -5.35 -6.20 -6.50 26.61 25.77 26.16 | -9.16 -7.21 -7.45
70 25.90 19.30 19.60 | -6.25 -7.20 -6.90 25.91 25.34 26.01 | -9.86 -7.84 -7.80
80 25.15 18.70 19.30 | -7.00 -7.80 -7.20 5.28 26.95 25.89 |-10.49 -8.03 -7.72
90 24.15 18.60 19.10 | -8.00 -7.90 -7.40 26.70 24.60 25.79 |-11.07 -8.38 -7.82
100 23.60 18.00 18.90 | -8.55 -8.50 -7.80 26.18 24.27 25.73 |-11.59 -8.71 -7.88
110 22.90 17.60 18.90 | -9.25 -8.90 -7.60 23.70 23.98 25.68 |-12.07 -9.00 -7.93
120 22.55 17.30 18.80 | -9.60 -9.20 -7.70 23.26 23.71 25.64 |-12.51 -9.2T7 -7.97
130 22.00 17.00 18,70 |-10.15 -9.50 -7.80 22.86 23.47 25.61 |-12.91 -9.51 -8.00
140 21.40 17.00 18.80 |-10.75 -9.50 -7.70 22.50 23.25 25.58 |-13.27 -9.73 -3.03
150 20.90 16.60 18.70 |-11.25 -9.90 -7.80 22.16 23.05 25.57 |-13.61 -9.93 -8.04
160 20.30 16.20 18.60 |-11.85 -10.30 -7.%0 21.85 22.86 25.55 |-13.92 -10.12 -8.06
170 19.75 16.00 18.70 |-12.40 -10.50 -7.80 21.57 22.70 25.54 |-14.20 -10.28 -8.07
180 19.20 16.00 18.80 |-12.95 -10.50 -7.70 21.31 22.55 25.53 |-14.46 -10.43 -8.08
190 18.75 15.80 18.90 |-13.40 -10.70 -7.60 21.08 22,41 25.52 |-14.69 -10.57 -8.09
200 18.45 15.50 18.90 |-13.70 -11.00 -7.60 20.86 22.29 25.52 |-14.91 -10.69 -8.09
210 18.05 15.20 18.80 |-14.10 -11.30 -7.70 20.66 22.18 25.5% |-15.11 -10.80 -8.10
220 17.90 15.20 18.70 |-14.25 -11.30 -7.80 20.48 22.08 25.5%1 |-15.29 -i0.90 -8.10
230 17.85 15.00 18.60 |-14.30 -11.50 -7.90 20.31 21.98 25.50 |-15.46 -11.00 -3.11
240 17.70 15.10 18,60 |-14.45 -11.40 -7.90 20.15 21.90 25.50 }-15.62 -11.08 -8.11
250 17.20 15.00 18.80 |-14.95 -11.50 -7.90 20.01 21.82 25.49 [-15.76 -11.16 -8.12
260 16.70 14.80 18.80 |-15.45 -11.70 -7.70 19.88 21.75 25.49 |-15.89 -11.23 -8.12
270 16.45 14.70 19.40 |-15.70 -11.80 -7.10 19.76 21.68 25.49 |-16.01 -11.30 -8.12
280 16.20 14.60 19.80 {-15.95 -11.90 -6.70 19.65 21.62 25.49 |-16.12 -11.36 -8.12
290 16.00 14,40 20.00 |-16.15 -12.10 -6.50 19.54 21.57 25.48 |-16.23 -11.41 -8.13
300 15.90 14.10 19.90 [-16.25 -12.40 -6.60 19.45 21.52 25.4B |-16.32 -11.46 -8.13
TABLE A31. Comparison of human \ower body segment temperatures (degrees C) from Petapu 2 with
Model predictions. Actual temperatures and change from initial temperatures are given.
Data from group P2-f: female subjects. Actual foot temperature is the mean of both feet.
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HUMAN SUBJECT No.: 12 SEX: Male
SUIT: URSULIT 5001 WATER TEMP: 31.37 deg F
TINE  HAND ARM  CHEST LOWER | HAND ARM CHEST LOWER HAND ARM  CHEST | HAND
Bin  mesn right BACK | mesn right BACX |
(Actual temp.) | (Change in temp.) (Estimated temp.) |
................................... e cceccmcemasesesmmatesvereceemememmemeceeeeeceneeenebracerannanaonaean e
0 33.90 35.40 34.40 33.80 | 0.00 0.00 0.00 0.00 32.71 32.75 33.79 | 0.00
10 33.55 34.70 34.00 32.40 | -0.35 -0.70 -0.40 -1.40 27.53 28.12 31.05 | -5.18
20 32.80 34.20 33.40 31.30 | -1.10 -1.20 -1.00 -2.50 25.34 26.40 30.09 | -7.37
30 31.80 31.30 32.60 31.70 | -2.10 -3.60 -1.80 -2.10 23.52 25.50 29.73 | -9.19
40 30.70 30.50 31.70 31.40 | -3.20 -4.90 -2.70 -2.40 21.93 25.42 30.02 |-10.78
50 30.05 30.80 31.20 31.10 | -3.85 -4.80 -3.20 -2.70 20.50 25.63 30.32 |-12.21
60 29.30 30.80 30.70 30.50 | -4.80 -4.60 -3.70 -3.30 19.19 25.86 30.48 |-13.52
70 28.35 30.30 30.10 30.00 | -5.55 -5.10 -4.30 -3.80 18.03 26.04 30.55 |-14.68
80 27.55 29.90 30.10 29.60 | -6.35 -5.50 -4.30 -4.20 16.98 26.22 30.57 |-15.73
90 26.55 29.40 30.20 29.30 | -7.35 -6.00 -4.20 -4.50 16.04 26.35 30.57 |-16.67
100 25.45 28.80 30.10 26.90 | -8.45 -6.60 -4.30 -6.90 15.20 26.45 30.55 [-17.51%
110 24.70 28.40 30.10 28.80 | -9.20 -7.00 -4.30 -5.00 14.46 26.53 30.53 |-18.25
120 24.10 27.80 30.10 28.70 | -9.80 -7.60 -4.30 -5.10 13.79 26.60 30.50 |-18.92
130 23.30 27.50 30.10 28.30 |-10.60 -7.90 -4.30 -5.00 13.19 26.66 30.48 |-19.52
140 22.60 27.60 30.00 28.90 }-11.30 -7.80 -4.40 -4.90 12.66 26.72 30.47 |-20.05
150 21.80 27.10 30.30 23.70 |-12.10 -8.30 -4.10 -10.10 12.18 26.76 30.45 |-20.53
160 21.40 27.30 30.70 28.40 |-12.50 -8.10 -3.70 -5.20 11.76 26.79 30.44 |-20.95
170 20.35 27.50 31.00 28.70 [-13.05 -7.90 -3.40 -5.10 11.38 26.79 30.42 }-21.33
180 20.20 27.40 31.00 28.70 |[-13.70 -8.00 -3.40 -5.10 11.04 26.82 30.41 {-21.67
190 19.75 27.10 31.10- 28.40 }-14.15 -8.30 -3.30 -5.20 10.73 26.85 30.40 [-21.98
200 19.20 26.90 31.30 28.80 |-14.70 -8.50 -3.10 -5.00 10.46 26.37 30.40 |-22.25
210 18.75 26.70 31.20 29.00 |-15.15 -8.70 -3.20 -4.30 10.22 26.88 30.39 |-22.49
220 18.30 26.70 31.60 28.50 |-15.60 -8.70 -2.80 -4.90 10.01 26.89 30.38 |-22.70
230 18.05 26.30 31.20 28.80 |-15.85 -9.10 -3.20 -5.00 9.81 26.90 30.38 |-22.90
260 17.50 26.30 31.00 28.70 |-16.40 -9.10 -3.40 -5.10 9.64 26.90 30.38 |-23.07
250 17.50 26.30 31.00 28.70 }-15.40 -9.10 -3.40 -5.10 9.49 26.91 30.37 |-23.22
260 17.15 26.00 30.70 28.70 |-16.75 -9.40 -3.70 -5.10 9.35 26.91 30.37 |-23.36
270 16.90 26.10 31.00 28.80 |-17.00 -9.30 -3.40 -5.00 9.23 26.92 30.37 |-23.48
280 16.65 25.80 30.90 28.80 |-17.25 -9.60 -3.50 -5.00 9.12 26.92 30.36 [-23.59
290 16.55 25.80 30.70 28.90 [-17.35 -9.60 -3.70 -4.90 9.02 26.92 30.36 |-23.69
300 16.25 25.90 30.90 28.90 |-17.65 -9.50 -3.50 -4.90 8.93 26.92 30.36 |-23.78
310 16.10 26.00 30.90 29.00 |-17.80 -9.40 -3.50 -4.80 8.85 26.93 30.36 |-23.86
320 15.70 25.90 31.00 29.30 |-18.20 -9.50 -3.40 -4.50 8.79 26.93 30.35 |-23.92
330 15.75 26.30 30.70 29.00 |-18.15 -9.10 -3.70 -4.80 8.72 26.93 30.35 }-23.99
TABLE A32, Comparison of human upper body segment temperatures (degrees C) from Pelapu 2 with

Model predictions.

NAWCADWAR-93069-60

Data from group P2-m: male subjects.

MODEL PREDICTIONS for SUBJECT No.:

ARM

0.00
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Actual temperatures and change from initial temperatures are given.

Actual hand temperature is the mean of both hancs.
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CHEST

(Change in temp.)

0.00
~2.76
-3.70
~4.06
-3.77
-3.47
3.5
-3.26
-3.22
-3.22
-3.2¢
-3.26
~3.29
3.0
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NAWCADWAR-93069-60

HUMAN SUBJECT No.: 12 SEX: Male MODEL PREDICTIONS for SUBJECT No.: 12
SUIT: URSULIT 5001 WATER TEMP: 31.37 deg F
TIME FOOT CALF  THIGH | FOOT  CALF  THIGH FOOT CALF  THIGH | FOOT CALF  THIGH
min  mean right | mean right |
(Actual temp.) ] (Change in temp.) (Estimated temp.) | (Change in temp.)
............................ e eemaceceeeeemsseeacceessemecesancnascasenacaceadesccannonnnenennnnmnn
0 31.05 31.60 31.90 | 0.00 0.00 0.00 35.78 32.98 33.41 ] 0.00 0.00 0.00
10 30.25 28.20 28.70 | -0.80 -3.40 -3.20 31.99 30.09 30.16 | -3.79 -2.89 -3.45
29.45 26.50 27.00 | -1.60 -5.10 -4.90 30.43 29.28 29.20 | -5.35 -3.7C -4.4%
30 28.65 25.00 25.70 | -2.40 -6.80 -6.20 29.24 2B.62 28.64 | -6.54 -4.36 -4.97
27.85 24.00 26.70 | -3.20 -7.60 -7.20 28.26 28.08 28.35 | -7.52 -4.90 -5.26
50 27.55 22.90 23.70 | -3.50 -8.70 -8.20 27.40 27.58 28.18 | -8.38 -5.40 -5.43
27.05 22.10 23.10 | -4.00 -9.50 -8.80 26.62 27.11 28.04 | -9.16 -5.87 -5.57
26.90 21.50 22.30 | -4.15 -10.10 -9.60 25.91 26.68 27.94 | -9.87 -6.30 -5.67
26.25 20.90 21.80 | -4.80 -10.70 -10.10 &5.25 26.2T7 27.85 |-10.53 -6.71 -5.76
25.85 20.50 21.40 | -5.40 -11.10 -10.50 .64 25.88 27.78 |-11.14 -7.10 -5.83
100 25.35 20.00 20.90 | -5.70 -11.60 -11.00 24.08 25.53 27.72 |-11.70 -7.45 -5.89
110 24.90 19.70 20.60 | -6.15 -11.90 -11.30 23.56 25.20 27.86 |-12.22 -7.78 -5.95
120 26.65 19.40 20.20 | -6.40 -12.20 -11.70 23.07 24.89 27.62 |-12.71 -8.09 -5.99
130 23.95 19.20 20.10 | -7.10 -12.40 -11.80 22.62 26.61 27.59 |-13.16 -8.37 -6.02
140 23.50 19.10 19.80 | -7.55 -12.50 -12.10 22.21 26.35 27.57 |-13.57 -B.63 -6.04
150 23.40 18.80 19.50 | -7.65 -12.80 -12.40 21.82 26.12 27.55 |-13.96 -8.86 -6.06
160 23.20 18.60 19.40 | -7.85 -13.00 -12.50 21.47 23.90 27.53 |-14.31 -9.08 -6.08
170 22.75 18.30 19.10 | -8.30 -13.30 -12.80 21.16 23.70 27.51 |-14.64 -9.28 -6.10
180 22.50 18.00 19.00 | -8.55 -13.60 -12.90 20.83 23.52 27.50 |-14.95 -9.46 -6.11
190 22.10 17.10 19.00 | -8.95 -14.50 -12.90 20.55 23.35 27.49 [-15.23 -9.63 -6.12
200 21.45 17.40 18.90 | -9.60 -14.00 -13.00 20.29 23.20 27.48 |-15.49 -9.78 -6.13
210 20.90 17.30 19.20 ]-10.15 -14.30 -12.70 20.04 23.06 27.47 |-15.74 -9.92 -6.14
220 20.65 17.20 19.40 ]-10.40 -14.40 -12.50 19.82 22.93 27.46 |-15.96 -10.05 -6.15
230 20.00 17.20 19.90 |-11.05 -14.40 -12.00 19.61 22.82 27.45 |-16.17 -10.16 -6.16
260 19.75 17.20 20.50 |-11.30 -14.40 -11.40 19.42 22.71 27.45 |-16.36 -10.27 -6.16
250 19.45 17.50 20.30 j-11.60 -14.10 -11.60 19.26 22.61 27.44 |-16.54 -10.37 -6.17
260 19.10 17.70 21.10 ]-11.95 -13.90 -10.80 19.08 22.52 27.44 |-16.70 -10.46 -6.17
270 18.80 17.70 21.30 }-12.25 -13.90 -10.60 18.92 22.43 27.43 |-16.86 -10.55 -6.18
280 18.35 17.80 21.50 |-12.70 -13.80 -10.40 18.78 22.35 27.43 |-17.00 -10.63 -6.18
290 18.00 17.70 21.70 |-13.05 -13.90 -10.20 18.65 22.28 27.42 }|-17.13 -10.70 -6.19
300 17.65 17.50 21.60 |-13.40 -14.10 -10.30 18.53 22.22 27.42 |-17.25 -10.76 -6.19
310 17.35 17.40 21.90 |-13.70 -14.20 -10.00 18.42 22.16 27.41 |-17.36 -10.82 -6.20
320 16.95 17.30 22.00 |-14.10 -14.30 -9.50 18.31 22.10 27.41 |-17.47 -10.88 -6.20
330 16.50 17.40 22.00 |-14.55 -14.20 -9.90 18.21 22.95 27.40 |-17.57 -10.93 -6.21

TABLE A33. Comparison of human upper body segment temperatures (degrees C) from Pelapu 2 with
Model predictions. Actual temperatures and change from initial temperatures are given.
Data from group P2-m: male subjects. Actual foot temperature is the mean of both feet.
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NAWCADWAR-93069-60

HUMAN SUBJECT No.: 16 SEX: Male MODEL PREDICTIONS for SUBJECY No.: 16
SUIT: URSUIT S001 WATER TEMP: 31.37 deg F :
TINE  HAND ARM  CHEST LOWER | HAND ARM  CHEST LOWER HAND ARM  CHEST | HAND ARM  CHEST
min  mean right BACK | mean right BACK !
(Actual temp.) | (Change in tesp.) (Estimated temp.) | (Change in temp.)
................................... bececeeseumsescessssemeesesessssmmmessecessscceeescssdecmecssonsmceesasnne
0 27.80 33.30 35.60 35.50 | 0.00 0.00 0.00 0.00 32.71 32.75 33.79 | 0.00 0.00 0.00
10 27.65 31.80 34.50 34.8%0 | -0.15 -1.50 -1.10 -0.70 27.52 27.98 30.83 | -5.19 -4.77 -2.96
20 27.20 31.40 33.60 34.50 | -0.60 -1.90 -2.00 -0.90 25.33 26.25 29.83 | -7.38 -6.50 -3.96
30 26.60 31.10 33.20 34.50 | -1.20 -2.20 -2.40 -1.00 23.53 25.39 29.53 | -9.18 -7.36 -4.26
40 26.00 30.60 33.10 34.20 | -1.80 -2.70 -2.50 -1.30 21.96 25.28 29.79 {-10.75 -7.47 -4.00
S0 25.25 30.30 32.70 33.80 | -2.55 -3.00 -2.90 -1.70 20.55 25.33 29.99 }-12.16 -7.42 -3.80
60 24.20 29.50 32.50 33.20 | -3.60 -3.80 -3.10 -2.30 19.25 25.44 30.12 |-13.46 -7.31 -3.67
23.45 29.00 32.60 32.70 | -4.35 -4.30 -3.00 -2.80 18.10 25.58 30.19 |-14.61 -7.17 -3.60
23.00 28.90 31.90 32.30 | -4.80 -4.40 -3.70 -3.20 17.06 25.71 30.22 |-15.65 -7.04 -3.57
22.10 28.50 32.00 31.80 | -5.70 -4.80 -3.640 -3.70 16.13 25.83 30.23 |-16.58 -6.92 -3.56
100 21.55 28.00 31.80 31.30 | -6.25 -5.30 -3.80 -4.20 15.30 25.94 30.21 )-17.41 -6.81 -3.58
110 20.85 27.80 31.70 30.70 | -6.95 -5.50 -3.90 -4.80 14.56 26.02 30.19 |-18.15 -6.73 -3.60
120 20.20 27.00 31.90 30.30 | -7.60 -6.30 -3.70 -5.20 13.89 26.10 30.17 |-18.82 -6.65 -3.62
130 19.00 26.00 31.20 29.%v | -8.80 -7.30 -4.40 -5.80 13.29 26.16 30.15 |-19.42 -6.59 -3.64
140 18.50 25.60 30.70 29.60 | -9.30 -7.70 -4.90 -5.90 12.76 26.22 30.14 |-19.95 -6.53 -3.65
150 17.85 26.80 30.90 29.20 | -9.95 -8.50 -4.70 -6.30 12.28 26.26 30.12 |-20.43 -6.49 -3.67
160 16.35 24.50 30.50 29.00 |-11.45 -8.80 -5.10 -6.50 11.86 26.30 30.11 [-20.85 -6.45 -3.68
170 16.35 25.50 30.40 29.00 |-11.45 -7.80 -5.20 -6.50 11.48 26.33 30.09 {-21.23 -6.42 -3.70
180 16.45 26.30 31.20 29.00 |-11.35 -7.00 -4.40 -6.50 11.13 26.35 30.08 |-21.58 -6.40 -3.71
190 15.75 25.70 30.80 28.80 |-12.05 -7.40 -4.80 -6.70 10.83 26.37 30.07 |-21.88 -6.38 -3.72
200 15.35 25.40 30.40 28.70 |-12.45 -7.90 -5.20 -6.80 10.56 26.39 30.06 |-22.15 -6.36 -3.73
210 14.95 24.70 30.40 28.50 |-12.85 -B8.60 -5.20 -7.00 10.31 26.40 30.06 (-22.40 -6.35 -3.73
220 16.35 26.60 30.30 28.20 |-13.45 -8.70 -5.30 -7.30 10.09 26.41 30.05 |-22.62 -6.34 -3.74
230 13.80 24.10 30.60 28.10 |-14.00 -9.20 -5.00 -7.40 9.90 26.42 30.04 |-22.81 -6.33 -3.75
240 13.30 24.20 30.10 28.10 |-14.50 -9.10 -5.50 -7.40 9.72 26.43 30.04 |-22.99 -6.32 -3.75
250 13.00 23.80 30.20 27.90 |-14.80 -9.50 -5.40 -7.60: 9.56 26.43 30.04 |-23.15 -6.32 -3.75
260 12.70 23.40 30.40 27.80 |-15.10 -9.90 -5.20 -7.70 9.43 26.44 30.03 |-23.28 -6.31 -3.76
270 12.80 23.50 31.10 27.60 |-15.00 -9.80 -4.50 -7.90 9.30 26.44 30.03 [-23.41 -6.31 -3.76
280 12.90 23.60 31.00 27.50 |-14.90 -9.70 -4.60 -8.00 9.19 26.45 30.02 |-23.52 -6.30 -3.77
290 12.95 23.10 31.60 27.20 }|-14.85 -10.20 -4.00 -8.30 9.09 26.45 30.02 |-23.62 -6.30 -3.77
300 12.90 22.90 31.30 27.00 |-14.90 -10.40 -4.30 -8.50 9.00 26.45 30.02 |-23.71 -6.30 -3.77
TABLE A34. Comparison of human upper body segment temperatures (degrees C) from Pelapu 2 with

Model predictions.
Data from group P2-m: male subjects.

Actual temperatures and change from initial temperatures are given.
Actual hand temperature is the mean of both hands.




NAWCADWAR-93069-60

HUMAN SUBJECT No.: 16 SEX: Male MODEL PREDICTIONS for SUBJECT No.: 16
SUIT: URSUIT 5001 WATER TEMP: 31.37 deg F
TIME FOOT CALF  THIGH | FOOT CALF  THIGH FOOT CALF THIGH | FOOT CALF  THIGH
min  mean right | mean right |
(Actual temp.) | (Change in temp.) (Estimated temp.) | (Change in temp.)
............................ ecccccesceacceoeecteamneecmmeceescessaacmmcceeecdensensrrasneeaneneann
0 25.75 28.80 30.00 | 0.00 0.00 0.00 35.78 32.98 33.61 | 0.00 0.00 0.00
10 24.85 26.50 27.90 | -0.90 -2.30 -2.10 31.98 29.81 29.88 | -3.80 -3.17 -3.73
20 26.30 25.50 26.70 | -1.45 -3.30 -3.30 30.42 28.98 28.87 | -5.36 -4.00 -4.74
30 23.80 24.70 25.30 | -1.95 -4.10 -4.70 29.26 28.33 28.28 | -6.54 -4.65 -5.33
40 23.20 24.00 26.10 | -2.55 -4.80 -5.90 28.26 27.79 27.97 | -7.52 -5.19 -5.84
50 22.70 23.30 23.40 | -3.05 -5.50 -6.60 27.40 27.30 27.74 | -8.38 -5.68 -5.87
60 22.10 22.70 22.70 | -3.65 -6.10 -7.30 26.62 26.83 27.57 | -9.16 -6.15 -6.04
70 21.55 22.40 22.40 | -4.20 -6.40 -7.60 25.91 26.40 27.44 | -9.87 -6.58 -6.17
80 21.05 22.00 22.10 | -4.70 -6.80 -7.90 25.26 25.99 27.33 |-10.52 -6.99 -6.28
90 20.55 21.70 21.70 | -5.20 -7.10 -8.30 24.65 25.61 27.26 |-11.13 -7.37 -6.37
100 19.90 21.80 21.70 | -5.85 -7.00 -8.30 24.09 25.25 27.17 |-11.69 -7.73 -6.44
110 19.65 22.10 21.60 | -6.10 -6.70 -8.40 23.57 26.92 27.11 |-12.21 -8.06 -6.50
120 19.25 22.40 21.40 | -6.50 -6.40 -8.60 23.08 24.61 27.06 |-12.70 -8.37 -6.55
130 18.55 22.30 21.40 | -7.20 -6.50 -8.60 22.63 24.33 27.02 |-13.15 -B.65 -6.59
140 17.90 22.20 21.50 | -7.85 -6.60 -8.50 22.22 24.07 26.99 [-13.56 -8.91 -6.62
150 17.45 22.00 21.40 | -8.30 -6.80 -8.60 21.83 23.82 26.96 |-13.95 -9.16 -6.65
160 16.95 21.50 21.30 | -8.80 -7.30 -8.70 21.47 23.60 26.94 |-14.31 -9.38 -6.67
170 16.60 21.20 21.10 | -9.15 -7.60 -8.%0 21.14 23.40 26.92 |-14.64 -9.58 -6.69
180 16.45 20.90 21.00 | -9.30 -7.90 -9.00 20.83 23.21 26.90 }|-14.95 -9.77 -6.71
190 16.15 20.80 21.00 | -9.60 -8.06 -9.00 20.55 23.04 26.89 |-15.23 -9.94 -6.72
200 15.60 20.70 20.90 |-10.15 -8.10 -9.10 20.28 22.88 26.87 }-15.50 -10.10 -6.74
-210 15.20 20.50 20.70 |-10.55, -8.30 -9.30 20.03 22.74 26.86 |-15.75 -10.26 -6.75
220 14.90 20.40 20.60 |-10.85 -8.40 -9.40 19.81 22.61 26.85 |-15.97 -10.37 -6.76
230 14.70 20.20 20.50 |-11.05 -8.60 -9.50 19.60 22.48 26.84 |-16.18 -10.50 -6.77
260 14.35 19.70 20.70 |-11.40 -9.10 -9.30 19.40 22.37 26.84 |-16.38 -10.61 -6.77
250 16.15 19.30 20.60 |-11.60 -9.50 -9.40 19.22 22.27 26.83 |-16.56 -10.71 -6.78
260 13.65 19.00 20.70 {-12.10 -9.80 -9.30 19.05 22.17 26.82 |-16.73 -10.81 -6.79
270 13.50 18.80 20.70 |-12.25 -10.00 -9.30 18.89 22.08 26.81 |-16.89 -10.90 -6.80
280 13.20 18.50 20.50 |-12.55 -10.30 -9.50 18.75 22.00 26.81 |-17.03 -10.98 -6.80
290 12.85 18.10 20.20 |-12.90 -10.70 -9.80 18.61 21.93 26.80 |-17.17 -11.05 -6.81
300 12.50 18.20 20.60 |-13.25 -10.580 -9.40 18.48 21.86 26.80 |-17.30 -11.12 -6.81

TABLE A35. Comparison of human upper body segment temperatures (degrees C) from Pelapu 2 with
Model predictions. Actual temperatures and change from initial temperatures are given.
Data from group P2-m: male subjects. Actual foot temperature is the mean of both feet.
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BUMAN SUBJECT No.:

SUlT:
TIME
nin

28

100
110
120
130
140
150
160
170
180
190
200
210
220
230
260
250
260
270
280
290
300
310
320
330
340
350
360

TABLE A36.

10

SEX:

RUKKA 8380 WATER TEMP:

ARM
right

CHEST

(Actual temp.)

Model predictions.

33.70
33.60

LOWER
8ACXK

33.80
33.50
33.30
33.20
33.10
33.10
33.00
32.90
32.80
32.70
32.70
32.70
32.80
32.90
32.90
33.00
33.20
33.40
33.30
33.30
33.10
32.80
32.90
32.80
32.60
32.10
31.70
31.50

NAWCADWAR-93069-60

Male

31.37 deg F
| HAND  ARM
| mean right
| (Change in
+
| 0.00 0.00
] -1.45 -1.10
| -4.90 -1.70
| -6.05 -2.20
| -7.05 -2.60
| -7.90 -3.10
{ -8.25 -3.10
| -9.25 -3.10
[-10.35 -2.90
|-11.15 -2.10
|-11.05 -1.60
|-11.25 -1.90
[-11.65 -2.80
|-12.40 -3.50
j-11.70 -3.90
|-11.95 -4.50
|-12.95 -4.00
{-12.05 -2.90
|-12.80 -2.30
j-12.85 -2.50
|-13.05 -2.90
{-12.45 -3.40
|-13.05 -3.50
|-12.25 -3.90
[-11.90 -4.30
|-12.00 -4.70
|-11.50 -3.70
|-10.55 -2.00
|-10.80 -2.20
|-11.05 -2.80
|-10.70 -3.40
|-11.15 -3.40
|-11.10 -3.60
j-11.50 -5.00
|-12.10 -5.80
|-12.50 -4.70
|-12.10 -4.60

Data from group P2-m: male subjects.

CHEST LOMER
8ACK
temp. )

0.00 0.00
-0.10 0.30
-0.20 0.00
-0.20 0.00
-0.20 0.30
-0.30 0.10
-0.90 -0.10
-1.10 -0.40
-1.10 -0.70
-0.80 -1.00
-0.60 -1.30
-0.60 -1.50
-0.60 -1.60
-6.70 -1.70
-0.40 -1.70
-0.50 -1.80
-0.60 -1.90
-0.30 -2.00
-0.40 -2.10
-0.70 -2.10
-0.50 -2.10
-0.40 -2.00
-0.50 -1.90
-0.30 -1.90
-0.40 -1.80
-0.60 -1.60
-0.20 -1.40
-0.20 -1.50
-0.30 -1.50
-0.30 -1.70
-0.7¢ -2.00
-0.50 -1.90
-0.60 -2.00
-0.90 -2.20
-1.30 -2.70
-1.20 -3.10
-1.30 -3.30
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MODEL PREDICTIONS for SUBJECT No.:

Comparison of human upper body segment temperatures (degrees C) from
Actual temperatures and change from initial temperatures are given.
Actual hand temperature is the mean of both hands.

CHEST | MAND

33.80 | 0.00
32.07 | -5.22
31.28 | -7.45
30.62 | -9.37

30.93 |-11.03

31.50 |-12.53
31.87 |-13.88
31.99 |-15.08
32.01 |-16.16
31.99 |-17.15
31.97 |-18.02
31.95 (-18.79
31.94 |-19.48
31.93 |-20.08
31.92 |-20.61
31.92 |-21.09
31.91 |-21.50
31.91 |-21.87
31.91 |-22.20
31.91 |-22.49
31.91 |-22.7%
31.92 |-22.97
31.92 |-23.17
31.92 |-23.3
31.92 |-23.50
31.92 |-23.64
31.92 |-23.76
31.92 |-23.87
31.92 |-23.96
31.92 |-24.05
31.92 |-26.12
31.92 |-26.19
31.92 |-24.26
31.92 |-24.29
31.92 |-24.34
31.92 |-24.38
31.92 |-24.41

Pelapu 2 with

ARM

-3.71

-3.7
-3.7
-3.n

10

CHEST




NAWCADWAR-93069-60

HUMAN SUBJECT No.: 10 SEX: Male MODEL PREDICTIONS for SUBJECT No.: 10
SUIT: RUKKA 8380 WATER TEMP: 31.37 deg F
TIME FOOT CALF  THIGH | FOOT CALF  THIGH FOOT CALF  THIGH | FOOT CALF  THIGH
min  mean right | mean right |
(Actual temp.) | (Change in temp.) (Estimated temp.) | (Change in temp.)
............................ e e aceecesceccsecseseemecmAcecstetescenceascasecedeameneoeveneaanannaes
0 28.70 33.40 33.70 | 0.00 0.00 0.00 35.77 33.00 33.63 | 0.00 0.00 0.00
10 27.30 31.40 31.60 | -1.40 -2.00 -2.10 31.96 30.76 31.43 | -3.81 -2.26 -2.20
20 26.35 30.00 30.40 | -2.35 -3.40 -3.30 30.41 29.95 30.53 | -5.36 -3.05 -3.10
30 25.00 29.10 29.60 | -3.70 -4.30 -4.10 29.18 29.30 29.95 | -6.59 -3.70 -3.88
40 24.00 28.20 29.00 | -4.70 -5.20 -4.70 28.18 2B.77 29.76 | -7.59 -4.23 -3.89
50 23.75 27.40 28.60 | -4.95 -6.00 -5.10 27.30 28.28 29.73 | -8.47 -4.72 -3.90
22.00 26.20 28.20 | -6.70 -7.20 -5.50 26.51 27.82 29.79 | -9.26 -5.18 -3.8
70 21.25 25.90 28.40 | -7.45 -7.50 -5.30 25.80 27.40 29.84 | -9.97 -5.60 -3.79
80 21.05 25.60 28.50 | -7.65 -7.80 -5.20 25.15 27.02 29.87 |-10.62 -5.98 -3.76
20.75 25.50 28.40 | -7.95 -7.90 -5.30 24.54 26.66 29.87 |-11.23 -6.34 -3.76
100 20.05 25.20 28.10 | -8.65 -8.20 -5.80 23.99 26.33 29.86 |-11.78 -6.67 -3.77
110 19.90 25.00 27.90 | -8.80 -8.40 -5.80 23.48 26.04 29.86 |-12.29 -6.96 -3.77
120 19.35 25.00 27.90 | -9.35 -8.40 -5.80 23.02 25.76 29.86 |-12.75 -7.24 -3.77
130 18.90 24.90 27.80 | -9.80 -8.50 -5.90 22.59 25.52 29.86 |-13.18 -7.48 -3.77
140 18.60 24.90 27.80 |-10.10 -8.50 -5.90 22.21 25.30 29.86 |-13.56 -7.70 -3.77
150 19.25 24.80 27.50 | -9.45 -8.60 -6.20 21.85 25.10 29.86 |-13.92 -7.90 -3.77
160 22.05 25.00 27.20 | -6.65 -8.40 -6.50 21.52 24.93 29.86 {-14.25 -8.07 -3.77
170 23.25 24.90 26.80 | -5.45 -8.50 -6.90 21.23 24.77 29.86 |-14.54 -8.23 -3.77
180 23.30 24.80 26.50 | -5.40 -8.60 -7.20 20.95 24.62 29.86 |-14.82 -8.38 -3.77
190 22.15 26.60 26.40 | -6.55 -8.80 -7.30 20.70 24.49 29.86 |-15.07 -8.51 -3.77
200 21.25 26.50 26.80 | -7.45 -8.90 -6.90 20.47 26.37 29.86 |-15.30 -8.63 -3.77
210 21.55 24.10 26.50 | -7.5 -9.30 -7.20 20.26 24.26 29.86 |-15.51 -8.74 -3.77
220 21.30 23.90 26.40 | -7.40 -9.50 -7.30 20.07 24.16 29.86 |-15.70 -8.8 -3.77
230 23.40 23.70 26.20 | -5.30 -9.70 -7.50 19.89 24.07 29.86 |-15.88 -8.93 -3.77
2.0 22.00 23.80 26.20 | -6.70 -9.80 -7.50 19.73 23.99 29.86 |-16.06 -9.01 -3.77
50 22.20 23.50 26.40 | -6.50 -9.%0 -7.30 19.58 23.91 29.86 |-16.19 -9.09 -3.77
260 22.55 23.30 26.50 | -6.15 -10.10 -7.20 19.44 23.84 29.86 |-16.33 -9.16 -3.77
270 22.80 23.30 26.80 | -5.90 -10.10 -6.90 19.31 23.78 29.86 |-16.46 -9.22 -3.77
280 21.85 23.30 26.50 | -6.85 -10,10 -7.20 19.20 23.72 29.86 |-16.57 -9.28 -3.77
290 21.70 23.20 26.40 | -7.00 -10.20 -7.30 19.09 23.67 29.86 |-16.68 -9.33 -3.77
300 20.50 23.10 26.50 | -8.20 -10.30 -7.20 18.99 23.62 29.86 |-16.78 -9.38 -3.77
310 19.65 23.20 26.70 | -9.05 -10.20 -7.00 18.90 23.58 29.86 |-16.87 -9.42 -3.77
320 1.75 23.40 26.70 | -6.95 -10.00 -7.00 18.82 23.54 29.86 |-16.95 -9.46 -3.77
330 22.05 23.60 26.70 | -6.65 -9.80 -7.00 18.74 23.50 29.86 |-17.03 -9.50 -3.77
340 20.80 23.60 27.00 | -7.90 -9.80 -6.70 18.67 23.47 29.86 |-17.10 -9.53 -3.77
350 20.25 23.50 27.10 | -8.45 -9.90 -6.60 18.61 23.44 29.86 |-17.16 -9.56 -3.77
360 20.45 23.50 27.20 | -8.25 -9.90 -6.50 18.55 23.41 29.85 |-17.22 -9.59 -3.78

TABLE A37. Comparison of human upper body segment temperatures (degrees C) from Pelapu 2 with
Model predictions. Actual temperatures and change from initial temperatures are given.
Data from group P2-m: male subjects. Actual foot temperature is the mean of both feet.
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MODEL PREDICTIONS for SUBJECT MNo.:

(Estimated temp.)

NAWCADWAR-93069-60
WUMAN SUBJECT No.: M1 SEX: Male
SUIT: RUKKA 8380 WATER TEMP: 31.37 deg F
TINE  NAND ARM  CHEST LOWER | MAND ARM  CHEST LOMER HAND
min  mean right BACK | mean right BACK
(Actual tesmp.) | (Change in temp.)
ceveccncea assecscccssscnscscacannan +*
0 30.90 31,70 34.80 33,70 § 0.c0 0.00 0.00 0.00 32.7
10 29.80 31.30 34.70 33.30 | -1.10 -0.70 -0.10 -0.40 27.55
20 29.00 30.10 34.40 33.30 | -1.90 -1.60 -0.20 -0.40 25.37
30 28.20 29.50 36.40 33.10 | -2.70 -2.10 -0.40 -0.60 23.58
40 28.05 29.40 34.40 32.90 | -2.85 -2.30 -0.40 -0.230 22.01
50 26.65 29.10 34.00 32.20 | -4.25 -2.60 -0.80 -1.50 20.60
60 25.65 29.:0 33.70 31.70 | -5.25 -2.60 -1.10 -2.00 19.31
70 25.25 29.10 33.70 31.20 | -5.65 -2.60 -1.10 -2.50 18.16
80 24.35 29.40 33.40 30.80 | -6.55 -2.30 -1.40 -2.90 17.14
90 2.10 29.'0 33.30 30.20 | -6.80 -2.60 -1.50 -3.50 16.21
100 23.95 29.20 33.10 29.70 | -6.95 -2.70 -1.70 -4.00 15.38
110 23.55 28.830 32.90 29.00 | -7.35 -2.90 -1.90 =4.70 14.65
120 22.70 29.20 33.10 28.70 | -8.20 -2.50 -1.70 -5.00 13.98
130 22.60 28.90 33.20 28.40 | -8.30 -2.80 -1.50 -5.30 13.39
140 22.05 28.40 32.60 28.10 | -8.85 -3.30 -2.20 -5.60 12.86
150 21.75 28.20 32.20 27.80 | -9.15 -3.30 -2.60 -5.90 12.38
160 21.45 27.70 32.50 27.40 | -9.45 -4.00 -2.30 -6.30 11.95
170 20.25 27.00 32.00 26.50 |-10.65 -4.70 -2.80 -7.20 1.57
180 19.75 26.30 32.40 26.20 |[-11.15 -5.40 <2.40 -7.50 11.23
190 19.40 26.20 32.30. 25.30 |-11.50 -5.30 -2.50 -7.90 10.93
200 19.30 26.30 31.30 25.40 }j-11.40 -5.40 -3.00 -8.30 10.55
210 18.95 26.50 31.60 24.90 |-11.95 -5.20 -3.20 -8.80 10.41
220 19.15 26.20 31.50 24.40 |-11.75 -5.50 -3.30 -9.30 10.19
230 19.15 26.30 31.90 23.90 |-11.75 -5.40 -2.90 -9.80 9.99
260 18.80 26.30 31.90 23.30 |-12.10 -5.40 -2.90 -10.43 9.82
250 18.80 26.10 31.80 22.00 |-12.10 -5.60 -3.00 -11.70 9.66
260 19.05 26..0 31.80 19.60 |-11.85 -5.30 -3.00 -14.10 9.52
270 19.20 26.70 31.30 18.90 ]-11.70 -5.00 -3.00 -14.80 9.39
280 19.65 26.40 31.80 18.50 |-11.25 -5.30 -3.00 -15.20 9.28
290 19.35 26.30 32.10 18.30 |-11.55 -5.40 -2.70 -15.40 9.18
300 19.20 26.20 31.90 18.00 |-11.70 -5.50 -2.90 -15.70 9.09
310 19.25 26.20 32.20 17.00 |-11.65 -5.50 -2.60 -16.70 9.01
320 18.75 25.90 31.90 16.20 {-i:.%S -5.80 -2.90 -17.50 8.94
330 19.00 25.50 32.00 16.00 {-11.70 -5.80 -2.80 -17.70 8.87
340 18.75 25.30 32.00 15.60 |-12.15 -6.20 -2.80 -18.10 8.81
350 19.10 26.30 32.20 15.80 ]-11.80 -5.40 -2.60 -17.90 8.76
360 19.20 25.40 32.20 14.90 |-11.70 -6.30 -2.60 -18.80 8.7
TABLE A38. Comparison of human upper body segment

Model predictions.

Data from group P2-m: male subjects.

CHEST | HAND
|

33.7%9 | 0.00
30.45 | -5.16
29.37 | -7.34
29.13 | -9.13
29.25 |-10.70
29.35 |-12.11
29.44 |-13.40
29.50 |-14.55
29.55 |-15.57
29.56 |-16.50
29.57 |-17.33
29.56 |-18.06
29.55 |-18.73
29.54 |-19.32
29.53 |-19.85
29.51 |-20.33
29.50 |-20.76
29.49 |-21.14
29.48 |-21.48
29.47 |-21.78
29.46 |-22.06
29.45 |-22.30
29.45 |-22.52
29.44 |-22.72
29.44 |-22.89
29.43 |-23.05
29.43 |-23.19
29.42 |-23.32
29.42 |-23.43
29.42 |-23.53
29.41 |-23.62
29.41 |-23.70
29.41 |-23.77
29.41 |-23.84
29.40 |-23.90
29.40 |-23.95
29.40 |-24.00

temperatures (degrees C) from Pelapu 2 with

ARM

0.00
-4.99
-6.78
-7.62
-7.89
-8.02
-8.05
-8.01
-7.93
-7.86
<7.75
-7.67
-7.59
-7.52
-7.45
-7.40
-7.36
-7.32
-7.29
-7.27
-7.25
-7.23
-7.22
-7.21
-7.20
-7.19
-7.19
-7.18
-7.18
«7.17
-7.17
-7.17
-7.17
-7.17
~7.17
-7.17
7.7

Actual temperatures and change from initial temperatures are given.

Actual hand temperature is the mean of both hands.
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1"

CHEST

| (Change in temp.)

0.00
-3.34
-4.42
-4.66
~4.54
-4.44
-6.35
<4.29
-6.24
-4.23
-4.22
-4.23
-4.24
~6.25
-4.26
<6.28
-4.29
-4.30
-4.31
-4.32
-4.33
-6.34
~4.34
-4.35
<4.35
-4.36
-4.36
-4.37
-4.37
-4.37
-4.38
-4.38
-4.38
-4.38
-6.39
-4.39
-4.39




HUMAN SUBJECT Mo.: 11 SEX: MNale MODEL PREDICTIONS for SUBJECT No.: 11 .
SUIT: RUKKA 8380  WATER TEMP: 31.37 deg F
TIME PFOOT CALF  THIGH | FGOT  CALF  THIGH FOOT CALF THIGH | FOOT CALF  THIGH
ain  msen right | mean right |
(Actusl temp.) | (Change in tesp.) (Estimated temp.) | (Change in temp.)
..... ceeeetcecttc et accnapenacsnneencaecaaceereaenceseneesesacesaaeeeanendacceesrenansananenens
0 28.30 29.30 29.90 | 0.00 0.00 0.00 35.78 32.98 33.61 | 0.00 G.00 0.00
10 26.65 27.20 27.70 | -1.65 -2.10 -2.20 32.01 29.29 29.43 | -3.77 -3.69 -4.18
20 26.45 26.30 26.70 | -1.85 -3.00 -3.20 30.45 28.34 28.22 | -5.33 -4.64 -5.39
30 26.10 25.50 25.80 | -2.20 -3.80 -4.10 29.28 27.68 27.53 | -6.50 -5.30 -6.08
40 26.70 25.40 25.70 | -1.60 -3.90 -4.20 28.30 27.13 27.11 | -7.48 -5.85 -6.50
50 25.00 24.30 26.90 | -3.30 -5.00 -5.00 2T.44 26.63 26.80 | -8.34 -6.35 -6.81
60 24.55 23.80 24.60 | -3.75 -5.50 -5.30 26.66 26.16 26.56 | -9.12 -6.82 -7.05
70 24.30 23.30 26.40 | -4.00 -6.00 -5.50 5.96 25.73 26.37 | -9.82 -7.25 -7.2
80 24.05 22.70 24.20 | -4.25 -6.60 -5.70 25.31 25.33 26.22 |-10.47 -7.65 -7.39
90 26.25 22.10 23.70 | -4.05 -7.20 -6.20 26.70 26.94 26.10 |-11.08 -8.04 -7.51
100 24.30 21.80 23.50 | -4.00 -7.50 -6.40 26.15 26.59 26.00 |-11.63 -8.39 -7.61
110 22.55 21.30 23.30 | -5.75 -8.00 -6.60 23.63 26.26 25.92 |-12.15 -8.72 -7.69
120 21.45 21.10 23.10 | -6.85 -8.20 -6.80 23.16 23.94 25.85 |-12.64 -9.04 -7.76
130 20.40 20.80 22.90 | -7.70 -8.50 -7.00 22.70 23.66 25.79 |-13.08 -9.32 -7.82
140 19.25 20.40 22.70 | -9.05 -8.90 -7.20 .29 .39 25.75 |-13.49 -9.59 -7.86
150 19.60 20.20 22.60 | -8.70 -9.10 -7.30 21.90 23.14 25.71 |-13.88 -9.8¢ -7.90
160 19.65 20.00 22.50 | -8.65 -9.30 -7.40 21.56 22.92 25.67 |-14.26 -10.06 -7.94
170 18.70 19.30 21.80 | -9.60 -10.00 -8.10 21.21 22.71 25.65 |-14.57 -10.27 -7.96
180 18.10 19.00 21.70 |-10.20 -10.30 -8.20 20.90 22.52 25.62 |-14.88 -10.46 -7.99
190 17.50 18.80 21.50 |-10.80 -10.50 -8.40 20.61 22.36 25.60 |-15.17 -10.64 -8.01
200 17.45 18.70 21.40 |-10.85 -10.60 -8.50 20.34 22.17 25.58 |-15.44 -10.81 -8.03
210 16.70 18.50 21.50 |-11.60 -10.80 -8.40 20.09 22.02 25.57 |-15.69 -10.96 -8.04
220 16.80 18.40 21.60 |-11.50 -10.90 -8.30 19.86 21.88 25.55 |-15.92 -11.10 -8.06
230 16.80 18.40 21.70 }-11.50 -10.90 -8.20 19.65 21.75 25.54 |-16.13 -11.23 -8.07
260 16.75 18.10 22.10 ]-11.55 -11.20 -7.80 19.45 21.63 25.53 |-16.33 -11.35 -8.08
250 16.10 18.00 22.00 }-12.20 -11.30 -7.90 19.27 21.53 25.52 |-16.51 -11.45 -8.09
260 15.90 17.90 22.10 |-12.40 -11.40 -7.80 19.09 21.42 25.51 |-16.69 -11.56 -8.10
270 15.95 17.90 22.30 |-12.35 -11.40 -7.40 18.93 21.33 25.50 |-16.85 -11.65 -8.11
280 15.95 17.90 22.50 |-12.35 -11.40 -7.40 18.78 21.24 25.49 |-17.00 -11.74 -8.12
290 15.70 17.80 22.50 |-12.60 -11.50 -7.40 18.65 21.16 25.48 |-17.13 -11.82 -8.13
300 15.55 17.70 22.30 |-12.75 -11.60 -7.60 18.52 21.09 25.48 |-17.26 -11.89 -8.13
310 15.10 17.60 22.20 |-13.20 -11.70 -7.70 18.40 21.02 25.47 |-17.38 -11.96 -B.14
320 15.05 17.80 22.00 |-13.25 -11.50 -7.90 18.29 20.96 25.46 |-17.49 -12.02 -8.15
330 14.85 18.10 21.80 [-13.45 -11.20 -8.10 18.18 20.90 25.46 |-17.60 -12.08 -8.15
340 14.70 18.20 21.60 |-13.60 -11.10 -8.30 18.08 20.84 25.45 |-17.70 -12.16 -B.16
350 14.55 18.50 21.40 |-13.75 -10.80 -B8.50 17.99 20.79 25.45 |-17.79 -12.19 -8.16
360 14.60 18.50 21.20 |-13.70 -10.80 -8.70 17.91 20.75 25.44 |-17.87 -12.23 -8.17
TABLE A39. Comparison of human upper body segment temperatures (degrees C) from Pelapu 2 with

Model predictions.

NAWCADWAR-93069-60

Data from group P2-m: male subjects.
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Actual temperatures and change from initial temperatures are given.
Actual foot temperature is the mean of both feet.




NAWCADWAR-93069-60

WUMAN SUBJECT No.: 17 SEX: Male MODEL PREDICTIONS for SUBJECT No.: 17
SUIT: RUXKKA 8380 WATER TEWP: 31.37 deg F
TINE  NAND ARM  CHEST LOMER | NAND ARM  CHEST LOWER HAND ARM  CHEST | MAND ARM  CHEST
ain mean right BACK | mesn right sACK |
(Actusl temp.) I (Change in temp.) (Estimated temp.) | (Change in temp.)

................................... e meeeceteaceceenesmenaesenacasenon.——cac s atoneneaeeeeaamaaeenne

¢ 33.70 33.70 33.80 31.80 | 0.00 0.00 0.00 0.00 32.71 3.75 33.79 | 0.00 0.00 0.00
33.20 33.50 31.10 | -2.40 -0.50 -0.30 -0.70 2T.46 27.98 30.92 | -5.25 -4.77 -2.87
30.10 33.00 33.90 30.30 | -3.60 -0.70 0.10 -1.00 5.5 26.26 29.97 | -7.48 -6.49 -3.82
29.65 32.30 33.90 30.40 | -4.05 -1.40 0.10 -1.40 23.35 25.47 29.76 | -9.36 -7.28 -4.05
29.50 31.80 33.90 30.20 | -4.20 -1.90 0.10 -1.60 21.72 25.53 30.09 |-10.99 -7.22 -3.70
29.40 31.30 33.90 29.90 | -4.30 -1.90 0.10 -1.90 20.25 25.72 30.32 |-12.46 -7.03 -3.47
31.50 33.90 29.70 | -5.85 -2.20 0.10 -2.10 18.92 25.91 30.46 |-13.79 -6.84 -3.35
26.90 31.30 34.00 29.40 | -6.80 -2.40 0.20 -2.40 17.73 26.06 30.48 |-14.98 -6.869 -3.31
26.30 30.70 34.00 29.10 | -7.40 -3.00 0.20 -2.70 16.66 26.19 30.50 [-16.05 -6.56 -3.29
25.50 30.70 33.90 28.40 | -8.20 -3.00 0.10 -3.20 15.69 26.30 30.49 |-17.02 -6.45 -3.30
25.05 30.20 34.00 28.10 | -8.65 -3.50 0.20 -3.70 14.85 26.40 30.49 |-17.86 -6.35 -3.30
30.00 33.80 27.70 | -9.70 -3.70 0.00 -4.10 14.10 26.49 30.48 |-18.61 -6.26 -3.31
29.70 33.90 27.30 |-10.45 -4.00 0.10 -4.50 13.42 26.56 30.47 |-19.29 -6.19 -3.32
€9.10 33.30 26.90 |-12.05 -4.60 -0.50 -4.90 12.83 26.62 30.46 |-19.38 -6.13 -3.33
28.70 33.70 26.60 |-12.45 -5.00 -0.10 -5.20 12.30 26.66 30.46 }-20.41 -6.09 -3.33
150 20.10 28.40 33.40 26.30 |-13.60 -5.30 -0.40 -5.50 11.83 26.70 30.45 |-20.88 -6.05 -3.34
160 18.50 26.80 33.00 25.90 |-15.20 -6.90 -0.80 -5.90 11.42 26.73 30.45 |-21.29 -6.02 -3.34
170 19.35 26.40 33.20 25.60 |-14.35 -7.30 -0.50 -6.20 11.05 26.75 30.44 |-21.%6 -6.00 -3.35
180 18.30 26.60 33.10 25.30 |-15.40 -7.10 -0.70 -6.50 10.73 26.77 30.44 |-21.98 -5.98 -3.35
190 17.25 26.70 33.10 25.10 |-16.45 -7.20 -0.70 -6.70 10.40 26.78 30.44 |-22.31 -5.97 -3.35
200 16.95 26.40 33.10 24.70 |-16.75 -7.30 -9.70 -7.10 10.18 26.30 30.4% }-22.53 -5.95 -3.35
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210 16.60 26.00 32.70 24.00 |-17.10 -7.70 -1.10 -7.80 9.95 26.81 30.44 |-22.76 -5.96 -3.35
220 16.45 25.60 32.60 23.10 |-17.25 -8.10 -1.20 -8.70 9.75 26.82 30.44 |-22.96 -5.93 -3.35
20 16.15 25.30 32.70 22.40 |-17.55 -8.40 -1.10 -9.20 9.58 26.83 30.44 |-23.13 -5.92 -3.3§
260

15.60 25.10 32.70 22.40 |-18.10 -8.60 -1.10 -9.40 9.42 26.83 30.44 |-23.29 -5.92 -3.35
TABLE A40. Comparigon of humsn upper body segment' temperatures (degrees C) from Pelapu 2 with

Model predictions. Actual temperatures and change from initial temperstures are given.
Data from group P2-m: male subjects. Actual hand temperature is the mean of both hands.
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NAWCADWAR-93069-60
HUMAN SUBJECT Mo.: 17 SEX: Male MODEL PREDICTIONS for SUBJECT Mo.: 17
SUIT: RUKKA 8380  WATER TEWP: 31.37 cdeg F
TINE FOOT CALF THIGH | FOOT CALF  THIGH FOOT CALF  THIGH | FOOT CALF  THIGH
min  meen right | msan right |
(Actual temp.) | (Change in temp.) (Eatimsted temp.) | (Change in tesp.)
eecemesonannaasctncmacananan Geccesmeenceseceratecavrateccanestanannnemesasonaa pecccccnccccccnaccnnnn
0 29.30 29.30 29.40{ 0.00 0.00 0.00 35.78 32.98 33.61 | 0.00 0.00 0.00
10 26.55 28.10 27.50 | -2.75 -1.70 -1.90 31.9 29.80 29.87 | -3.82 -3.18 -3.7%
20 25.75 27.30 26.60 | -3.55 -2.50 -2.80 30.40 28.95 28.86 | -5.38 -4.03 -4.75
30 2.10 26.30 25.8%0 | -5.20 -3.50 -3.40 29.21 28.29 28.29 | -6.57 -4.69 -5.32
40 22.55 25.50 25.20 | -6.75 -4.30 -4.20 8.3 27.73 28.02 | -7.55 -5.25 -5.59
30 21.45 24.70 24.80 | -7.85 -5.10 -4.80 27.36 27.3 27.8 | -8.42 -5.75 -5.77
60 20.60 24.30 24.40 | -8.70 -5.50 -5.00 26.58 26.76 27.71 | -9.20 -6.22 -5.90
70 19.85 23.70 24.10 | -9.45 -6.10 -5.30 25.87 26.33 27.61 | -9.91 -6.65 -6.00
80 19.20 23.10 23.8%0 |-10.10 -6.70 -5.60 5.2 25.93 27.53 |-10.56 -7.05 -6.08
90 18.60 22.70 23.60 |-10.70 -7.10 -5.80 26.61 25.36 27.46 |-11.17 -7.42 -6.15
100 17.90 22.20 23.50 |-11.40 -7.60 -5.90 26.06 25.22 27.42 |-11.72 -7.76 -6.19
110 17.30 21.80 23.40 |-12.00 -8.00 -6.00 B.56 26.90 27.38 |-12.22 -8.08 -6.23
120 16.60 21.40 23.30 |-12.70 -8.40 -6.10 23.09 24.62 27.36 |-12.69 -8.36 -6.25
130 16.00 21.40 23.20 |-13.30 -8.40 -6.20 .66 26.36 27.34 |-13.12 -8.62 -6.27
140 15.40 21.20 23.00 |-13.90 -8.60 -6.40 22.27 24.12 27.32 |-13.51 -8.86 -6.29
150 14.75 21.00 22.80 |-14.55 -8.80 -6.40 21.90 23.90 27.31 |-13.88 -9.08 -6.30
160 13.90 20.90 22.70 |-15.40 -8.90 -6.70 21.57 8.1 27.30 |-14.21 -9.27 -6.31
170 13.60 20.90 22.70 |-15.70 -8.90 -6.70 21.26 23.53 27.29 |-14.52 -9.45 -6.32
180 13.25 20.60 22.50 [-16.05 -9.20 -6.90 20.97 23.37 27.28 |-14.81 -9.61 -6.33
190 12.85 20.30 22.40 |-16.45 -9.50 -7.00 20.71 23.22 27.28 |-15.07 -9.76 -6.33
200 12.45 19.90 22.40 [-16.85 -9.90 -7.00 20.47 23.09 27.27 |-15.31 -9.89 -6.34
210 11.90 19.80 22.00 |-17.40 -10.00 -7.40 20.25 22.96 27.26 |-15.53 -10.02 -6.35
220 11.40 19.40 21.90 |-17.90 -10.40 -7.50 20.04 22.85 27.26 |-15.74 -10.13 -6.35
230 11.05 19.00 21.80 |-18.25 -10.80 -7.50 19.86 22.75 27.26 [-15.92 -10.23 -6.35
240 10.65 18.70 21.80 |-18.65 -11.10 -7.60 19.68 22.65 27.25 |-16.10 -10.33 -6.36
TABLE A41. Comparison of humsn upper body segment temperstures (degrees C) from Pelapu 2 with

Model predictions.

Data from group P2-m: male subjects.

Actusl temperatures and change from initial temperatures are given.

Actus|l foot temperature is the mean of both feet.
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NAWCADWAR-93069-60
WUMAN SUBJECT No.: 1 SEX: Male MODEL PREDICTIONS for SUBJECT No.: 1
SUIT: BAYLEY IMMERSION VATER TEMP: 32 deg F
TIME SNOULDER ARM  HAND |SHOULDER ARM  MAND CHEST ARM  MAND | CHEST ARM  HAND
min right left | right left |
(Actual temp.) | (Change in temp.) (Estimated temp.) | (Change in temp.)
-------- D L L T T L L T L T T O e D LR T
0 34.00 30.40 30.70 | 0.00 0.00 0.00 33.80 32.75 32.71 | 0.00 0.00 0.00
S 33.30 29.90 30.50 | -0.70 -0.50 -0.20 31.92 29.59 229.11 | -1.88 -3.,16 -3.60
10 32.80 29.40 29.40 | -1.20 -1.00 -1.30 31.40 28.35 27.58 | -2.40 -4.40 -5.13
15 32.40 28.90 28.60 | -1.60 -1.50 -2.10 31.10 27.48 26.41 | -2.70 -5.27 -6.30
0 31.90 28.60 28.00 | -2.10 -1.80 -2.70 30.57 26.68 25.36 | -3.23 -6.07 -7.35
25 31.50 28.10 27.10 | -2.50 -2.30 -3.60 30.18 26.06 26.39 | -3.82 -6.69 -8.32
30 31.10 27.90 26.70 | -2.90 -2.50 -4.00 30.14 25.76 23.48 | -3.66 -7.01 -9.23
-35 30.70 27.50 26.30 | -3.30 -2.90 -4.40 30.29 25.70 22.64 | -3.51 -7.05 -10.07
40 30.40 27.20 26.10 | -3.60 -3.20 -4.60 30.51 25.81 21.83 | -3.29 -6.9% -10.88
45 30.30 27.60 25.40 | -3.70 -2.80 -5.30 30.73 26.03 21.07 | -3.07 -6.72 -11.64
S0 30.40 27.%0 25.20 | -3.80 -2.60 -5.50 30.92 25.28 20.36 | -2.88 -6.47 -12.35
55 30.80 27.80 24.70 | -3.20 -2.60 -6.00 31.05 26.54 19.68 | -2.75 -6.21 -13.03
60 31.20 27.90 24.10 | -2.80 -2.50 -6.60 31.164 26.77 19.03 | -2.66 -5.98 -13.68
65 31.20 27.70 23.30 | -2.80 -2.70 -7.40 31.18 26.94 18.42 | -2.62 -5.81 -14.29
70 31,20 27.60 22.70 | -2.80 -2.80 -8.00 31.20 27.08 17.8, | -2.60 -5.67 -14.87
™ 31,20 27.60 22.20 | -2.80 -2.80 -8.50 31.20 27.19 17.28 | -2.60 -5.56 -15.43
8 31.30 27.70 21.30 | -2.70 -2.70 -9.40 31.19 27.27 16.77 | -2.61 -5.48 -15.94
85 31.40 27.60 21.30 | -2.60 -2.80 -9.40 31.18 27.34 16.27 | -2.62 -5.41 -16.44
90 31.60 27.50 20.90 | -2.40 -2.90 -9.80 31.17 27.39 15.80 | -2.63 -5.36 -16.91
95 31.40 27.20 20.40 | -2.50 -3.20 -10.30 31.16 27.44 15.37 | -2.66 -5.31 -i7.34
100 31.10 26.70 20.70 | -2.90 -3.70 -10.00 31.15 27.48 14.95 | -2.65 -5.27 -17.76
105 31.30 26.50 20.80 | -2.70 -3.90 -9.90 31.14 27.52 14.56 | -2.66 -5.23 -18.15
10 31.30 26.60 21.20 | -2.70 -3.80 -9.50 31.14 27.56 14.20 | -2.66 -5.19 -18.51
115 31.40 25.80 21.20 | -2.60 -4.60 -9.50 31.13 27.59 13.85 | -2.67 -5.16 -18.86
120 31.50 25.50 20.80 | -2.50 -4.90 -9.90 31.12 27.62 13.52 | -2.68 -5.13 -19.19
125 31.60 25.10 20.80 | -2.40 -5.30 -9.90 31.12 27.64 13.22 | -2.68 -5.11 -19.49
130 31,70 25.10 21.00 | -2.30 -5.30 -9.70 31.11 27.66 12.93 | -2.69 -5.09 -19.78
135 31.80 2..90 20.80 | -2.20 -5.50 -9.90 31.10 27.68 12.66 | -2.70 -5.07 -20.05
140 31,70 24.90 20.60 | -2.30 -5.50 -10.10 31.10 27.70 12.41 | -2.70 -5.05 -20.30
165 31,70 24.70 19.80 | -2.30 -5.70 -10.90 31.10 27.7% 12.17 | -2.70 -5.04 -20.54
150 31.60 26.30 19.10 | -2.40 -6.10 -11.60 31.09 27.73 11.94 | -2.71 -5.02 -20.77
155 31.60 26.20 18.40 | -2.40 -6.20 -12.30 31.09 27.764 11.73 | -2.71 -5.01 -20.98
160 31.70 26.10 18.50 | -2.30 -6.30 -12.20 31.09 27.75 11.53 | -2.717 -5.00 -21.18
165 31.70 24.10 18.20 | -2.30 -6.30 -12.50 31.08 27.76 11.34 | -2.72 -4.99 -21.37
170 31.80 24.30 18.40 | -2.20 -6.10 -12.30 31.08 27.77 11.17 | -2.72 -4.98 -21.54
175 31.90 24.10 18.00 | -2.10 -6.30 -12.70 31.08 27.77 11.00 | -2.72 -4.98 -21.71
180 31.60 24.00 17.60 | -2.40 -6.40 -13.10 31.08 27.78 10.85 | -2.72 -4.97 -21.86
185 31.60 24.00 17.60 | -2.40 -6.40 -13.10 31.08 27.79 10.70 | -2.72 -4.96 -22.01
190 31.70 23.70 17.00 | -2.30 -6.70 -13.70 31.08 27.79 10.56 | -2.72 -4.96 -22.15
195 31.70 23.50 17.10 | -2.30 -6.90 -13.60 31.08 27.80 10.43 | -2.72 -4.95 -22.28
200 31.70 23.40 16.70 [ -2.30 -7.00 -14.00 31.08 27.80 10.31 | -2.72 -4.95 -22.40

TABLE A42. Comparison of human shoulder, arm and hand temperatures (degrees C) from Pelapu &4 with
Model predictions. Estimates of chest temperature were compared to human shoulder data.
Actual temperatures and change from initial temperatures are given.
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WUMAN SUBJECT No.:

1

NAWCADWAR-93069-60

SEX: Nale MODEL PREDICTIONS for SUBJECT No.: 1

SUIT: BAYLEY IMMERSION WATER TEMP: 32 deg F
TINE ABDOMEN THIGN CALF |ABDOMEN THIGH CALF ABDOMEN THIGH CALF |[ABDOMEN THIGN CALF
min left left | right left l

(Actual temp.) | (Change in temp.) (Estimated temp.) | (Change in temp.)
....... S e e eaeceeeetcccmcapeseceeramsenaeasereanmanemeeceseceecacaevacaneenedarananereaeaeannnn
0 33.40 29.50 31.80 | 0.00 0.00 0.00 34.75 33.61 32.99{ 0.00 0.00 0.00

5 33.40 28.80 31.30 | 0.00 -0.70 -0.50 33.35 31.27 31.01 | -1.40 -2.34 -1.98

10 33.10 28.10 30.70 | -0.30 -1.40 -1.10 32.90 30.54 30.43 | -1.85 -3.07 -2.56
15 32.70 27.50 30.20 | -0.70 -2.00 -1.60 32.73 30.064 30.02 | -2.02 -3.57 -2.97
20 32.20 27.00 29.70 | -1.20 -2.50 -2.10 32.20 29.63 29.64 | -2.55 -3.98 -3.35
& 31.90 26,30 29.30 | -1.50 -3.20 -2.50 31.64 29.30 29.28 | -3.11 -4.31 -3.7
30 31.60 26.20 28.80 | -1.80 -3.30 -3.00 31.26 29.09 28.97 | -3.49 -4.52 -4.02
35 31.30 25.30 28.40 | -2.10 -3.70 -3.40 30.99 28.95 28.68 | -3.76 -4.66 -4.3%
40 31.10 25.60 28.20 | -2.30 -3.90 -3.60 30.79 28.86 28.41 | -3.96 -4.75 -4.58
45 31.00 26.40 28.80 | -2.40 -3.10 -3.20 30.65 28.81 28.15 | -4.10 -4.80 -4.8
50 30.70 26.00 27.90 | -2.70 -3.50 -3.90 30.55 28.78 27.91 | -4.20 -4.83 -5.08
55 30.90 25.70 27.40 | -2.50 -3.80 -4.40 30.48 28.76 27.67 | -4.27 -4.85 -5.32
60 31.00 25.30 27.20 | -2.40 -4.20 -4.60 30.42 28.75 27.44 | -4.33 -4.86 -5.5%
65 30.90 24.80 26.90 | -2.50 -4.70 -4.90 30.39 28.73 27.22 | -4.36 -4.88 -5.77
70 31.10 24.50 26.60 | -2.30 -5.00 -5.20 30.36 28.71 27.00 | -4.39 -4.90 -5.99
75 31,40 24.40 26.20 | -2.00 -5.10 -5.60 30.34 28.88 26.80 | -4.41 -4.93 -6.19
80 31.60 26.20 25.80 | -1.80 -5.30 -6.00 30.32 2B.66 26.60 | -4.43 -4.95 -6.39
85 31.70 24.10 25.60 | -1.70 -5.40 -6.20 30.31 2B.64 26.41 | -6.44 -4.97 -6.58
90 31.80 23.70 25.30 | -1.60 -5.80 -6.50 30.30 2B.61 26.23 | -4.45 -5.00 -6.76
95 31.40 24.10 25.50 | -2.00 -5.40 -6.30 30.30 28.60 258.05 | -4.45 -5.01 -6.%
100 31.70 24.10 25.80 | -1.70 -5.40 -6.00 30.31 28.58 25.89 | -4.46 -5.03 -7.i0
05 31.90 23.90 25.50 | -1.50 -5.40 -4.30 30.31 28.57 25.73 | -4.44 -5.06 -7.26
110 31.60 23.90 25.20 | -1.80 -5.60 -6.60 30.32 28.56 25.58 | -4.43 -5.05 -7.41
15 31.60 23.70 24.80 | -1.80 -5.80 -7.00 30.33 28.55 25.43 | -4.42 -5.06 -7.56
120 31.60 23.60 2¢.50 | -1.80 -5.90 -7.30 30.35 28.54 25.29 | -4.40 -5.07 -7.70
125 31.70 23.50 26.30 | -1.70 -6.00 -7.50 30.36 28.54 25.17 | -6.39 -5.07 -7.82
130 31.70 23.50 23.90 | -1.70 -6.00 -7.90 30.38 28.53 25.04 | -4.37 -5.08 -7.95
135 31.80 23.40 23.90 | -1.60 -6.10 -7.90 30.39 28.52 2¢.92 | -4.36 -5.09 -8.07
140 31.70 23.40 23.70 | -1.70 -6.10 -8.10 30.41 28.52 24.81 | -4.34 -5.09 -8.18
145 31.60 23.40 23.50 | -1.80 -6.10 -8.30 30.42 28.52 24.70 | -4.33 -5.09 -8.29
150 31.50 23.10 23.40 | -1.90 -6.40 -8.40 30.43 28.51 24.60 | -4.32 -5.10 -8.39
155 31.50 23.30 23.40 | -1.90 -6.20 -8.40 30.45 28.51 24.51 | -4.30 -5.10 -8.48
160 31.40 22.50 23.80 | -2.00 -7.00 -8.00 30.46 28.50 24.41 | -4.29 -5.11 -B.S8
165 31.50 23.40 24.00 | -1.90 -46.10 -7.8C 30.47 28.50 24.33 | -4.28 -5.11 -B8.%
170 31.60 23.40 23.40 | -1.80 -6.10 -8.20 30.48 28.50 24.24 | -4.27 -5.11 -8.75
175 31.70 23.30 23.40 | -1.70 -6.20 -8.20 30.49 28.50 24.16 | -4.26 -5.11 -8.83
180 31.60 23.40 23.20 | -1.80 -6.10 -8.60 30.50 28.49 24.09 | -4.25 -5.12 -8.90
185 31.60 23.50 23.30 | -1.80 -6.00 -8.50 30.51 28.49 24.02 | -4.26 -5.12 -8.97
190 31.60 23.50 22.80 | -1.80 -6.00 -9.00 30.52 28.49 23.95 | -4.23 -5.12 -9.04
195 31.50 21.30 22.80 | -1.90 -8.20 -9.00 30.53 28.49 23.88 | -4.22 -5.12 -9.11
200 31.50 21.70 22.60 | -1.90 -7.80 -9.20 30.53 28.49 23.82 | -4.22 -5.12 -9.%7
TABLE A43. Comparison of human abdomen, thigh and calf temperatures (degrees C) from Pelapu 4 with

Model predictions. Actual temperatures and change from initial temperatures are given.
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NAWCADWAR-93069-60

HUMAN SUSJECT No.: 3 SEX: Male MODEL PREDICTIONS for SUBJECT No.: 3
SUIT: BAYLEY IMMERSION WATER TEMP: 32 deg F
TINE SHOULDER ARM  HAND [SHOULDER ARM  MAND* CHEST ARM  HANO | CHEST ARM  HAND
ain right left | right left |
(Actual tesp.) | (Change in temp.) (Estimated temp.) | (Change in temp.)
ecesccscestscncccmenseceanann Geeecemcestmesescsesesceseessscscuascasasacanannnne $eccceceacanccorannane
0 34.40 30.70 ? | 0.00 0.00 ? 33.80 32.76 32.71 | ©6.00 0.00 0.00
S 33.80 30.00 ? | -0.60 -0.70 ? 31.88 29.57 29.1% | -1.92 -3.19 -3.60
10 33.40 29.50 ? | -1.00 -1.20 ? 31.33 28.31 27.58 | -2.47 -4.45 -5.13
15 32.70 28.30 ? } -1.70 -1.90 ? 31.01 27.43 26.42 | -2.79 -5.33 -6.29
20 32.10 28.20 ? |} -2.30 -2.50 ? 30.49 26.64 25.37 | -3.31 -6.12 -7.34
&3 31.9 27.90 28.20 | -2.50 -2.80 0.00 30.12 26.03 24.40 | -3.68 -6.73 -8.31
30 31.40 27.50 27.60 | -3.00 -3.20 -0.60 30.07 25.71 23.50 | -3.73 -7.05 -9.21
35 31.00 27.10 27.00 | -3.40 -3.60 -1.20 30.21 25.65 22.68 | -3.59 -7.11 -10.03
40 30.70 26.80 26.20 } -3.70 -3.90 -2.00 30.42 25.75 21.88 | -3.38 -7.01 -10.83
45 30.50 26.50 25.40 | -3.90 -4.20 -2.80 30.64 25.94 21.12 | -3.16 -6.82 -11.59
S0 30.50 26.20 25.00 | -3.90 -4.50 -3.20 30.82 26.18 20.42 | -2.98 -6.58 -12.29
55 30.40 25.90 24.00 | -4.00 -4.80 -4.20 30.95 26.42 19.73 | -2.85 -6.34 -12.98
60 30.50 25.70 23.80 | -3.90 -5.00 -4.40 31.03 26.63 19.09 | -2.77 -6.13 -13.482
65 30.40 25.50 22.20 | -4.00 -5.20 -6.00 31.07 26.78 18.49 | -2.73 -5.98 -14.22
70 30.30 25.30 21.40 | -4.10 -5.40 -6.80 31.08 26.91 17.90 | -2.72 -5.85 -14.81
75 30.40 25.00 20.90 | -4.00 -5.70 -7.30 31.09 27.01 17.35 | -2.71 -5.7%5 -15.36
8 30.30 24.70 20.50 | -4.10 -6.00 -7.70 31.08 27.09 16.84 | -2.72 -5.67 -15.87
85 30.40 24.40 20.20 | -4.00 -6.30 -8.0C 31.08 27.16 16.34 | -2.72 -5.40 -16.37
90 30.40 24.30 20.00 | -4.00 -6.40 -8.20 31.06 27.21 15.88 | -2.74 -5.55 -16.83
95 30.50 24.20 19:50 | -3.90 -6.50 -8.70 31.05 27.26 15.45 | -2.75 -5.50 -17.26
100 30.30 23.90 19.00 | -3.60 -6.30 -9.20 31.04 27.30 15.03 | -2.76 -5.46 -17.48
105 31.00 23.80 18.50 | -3.40 -6.90 -9.70 31.03 27.34 14.64 | -2.77 -5.42 -18.07
110 31.10 23.80 18.00 | -3.30 -6.90 -10.20 31.02 27.38 14.28 | -2.78 -5.38 -18.43
115 31.20 23.80 17.80 | -3.20 -6.90 -10.40 31.02 27.41 13.94 | -2.78 -5.35 -18.77
120 31.30 23.70 17.80 | -3.10 -7.00 -10.40 31.01 27.44 13.61 | -2.79 -5.32 -19.10
125 31.20 23.40 16.50 | -3.20 -7.30 -11.70 31.00 27.46 13.31 | -2.80 -5.30 -19.40
130 31.30 23.30 16.00 | -3.10 -7.40 -12.20 30.99 27.49 13.02 | -2.81 -5.27 -19.59
135 31.40 23.20 15.80 | -3.00 -7.50 -12.40 30.99 27.51 12.75 | -2.81 -5.25 -19.96
140 31.40 23.20 15.80 | -3.00 -7.50 -12.40 30.98 27.53 12.50 | -2.82 -5.23 -20.21
145 31.60 23.30 15.40 | -2.80 -7.40 -12.80 30.98 27.564 12.26 | -2.82 -5.22 -20.45
150 31.50 23.40 15.00 | -2.90 -7.30 -13.20 30.97 27.56 12.03 | -2.83 -5.20 -20.48

TABLE A44. Comparison of human shoulder, arm and hand temperatures (degrees C) from Pelapu 4 with
Model predictions. Estimates of chest temperature were compared to human shoulder data.
Actual temperatures and change from initial temperatures are given.
*: Data referenced to first recorded temperature (28.2C).
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ARM

-5.19
-5.18
-5.17
-5.16
-5.15
-5.15
-5.14
-5.13
-5.13
-5.12
-5.12
-5.11
-5.11
-5.11
-5.10
-5.10
-5.10
-5.09
-5.09
-5.09
-5.09
-5.08
-5.08
-5.08
-5.08
-5.08
-5.08
-5.08
-5.08
-5.07

3

HAND

-20.89
-21.09
-21.28
~21.46
~21.63
-21.78
~21.93
~22.07
-22.20
~22.33
-22.44
<22.55
~22.66
~22.75
-22.85
~22.93
-23.01
-23.09
-23.16
~23.23
-23.29
-23.35
~23.41
-23.46
-23.51
~23.56
-23.61
-23.65
-23.69
~23.72

HUMAN SUBJECT No.: 3 SEX: Male MODEL PREDICTIONS for SUBJECT No.:

SUIT: BAYLEY IMMERSION MATER TEMP: 32 deg F

TIME SHOULDER ARM  HAND jSHOULDER ARM  HANO* CHEST ARM  HANO | CHEST

nin right left | right left l
(Actual temp.) | (Change in tesp.) (Estimated temp.) | (Change in temp.)

............................. Gececascmceeesemeeereresrmeeoaresanane e anohene e cmemaeaeneenn
155 31.50 23.40 14.80 | -2.90 -7.30 -13.40 30.97 27.57 11.82 | -2.83
160  31.40 23.30 14.80 | -3.00 -7.40 -13.40 30.96 27.58 11.62 | -2.84
165 31.30 23.40 14.80 | -3.10 -7.30 -13.60 30.96 27.59 11.43 | -2.84
170 31.20 23.50 14.60 | -3.20 -7.20 -13.60 30.96 27.60 11.25 | -2.84
175 31.20 23.40 14.60 | -3.20 -7.30 -13.60 30.96 27.61 11.08 | -2.84
180 31.30 23.60 14.80 | -3.10 -7.10 -13.40 30.95 27.61 10.93 | -2.85
185 31.40 24.10 14.30 ] -3.00 -6.60 -13.90 30.95 27.62 10.78 | -2.85
190 31.30 24.60 14.10 | -3.10 -6.10 -14.10 30.95 27.63 10.64 | -2.85
195 31.10 26.50 14.10 | -3.30 -6.20 -14.10 30.95 27.63 10.51 ] -2.85
200 31.10 24.50 14.40 | -3.30 -6.20 -13.80 30.95 27.64 10.38 | -2.85
205 31.20 24.80 14.20 | -3.20 -6.10 -14.00 30.95 27.64 10.27 | -2.85
210 31.30 24.90 13.30 | -3.10 -5.80 -14.40 30.95 27.65 10.16 | -2.85
215 31.30 24.30 14.10 ] -3.10 -5.90 -14.10 30.96¢ 27.65 10.05 | -2.86
220 31.30 24.50 14.00 | -3.10 -6.20 -14.20 30.964 27.65 9.96 | -2.86
225 31.40 24.50 16.20 | -3.00 -6.20 -14.00 30.94 27.66 9.86 | -2.86
20 31.40 24.30 14.00 | -3.00 -6.40 -14.20 30.94 27.66 9.78 | -2.86
235 31.40 24.10 14.30 | -3.00 -6.40 -13.90 30.94 27.66 9.70 | -2.86
260 31,40 24.00 14.60 | -3.00 -6.70 -13.60 30.94 27.67 9.62 | -2.86
245 31.30 23.90 15.00 | -3.10 -6.80 -13.20 30.94 27.67 9.55 | -2.86
250 31.20 23.80 15.60 | -3.20 -6.90 -12.60 30.96 27.67 9.48 | -2.86
255  31.30 24.10 15.40 | -3.10 -6.60 -12.80 30.94 27.67 9.42 | -2.86
260 31.40 24.10 15.80 | -3.00 -6.60 -12.40 30.96 27.68 9.36 | -2.86
265 31.40 24.10 16.00 | -3.00 -6.60 -12.20 30.94 27.68 9.30 | -2.86
270 31.30 24.10 15.80 { -3.10 -6.60 -12.40 30.94 27.68 9.25 | -2.86
275 31,30 24.10 15.40 | -3.10 -6.60 -12.80 30.96 27.68 9.20 | -2.86
280 31.50 26.40 15.00 | -2.90 -6.30 -13.20 30.94 27.68 9.15 | -2.86
285 31.40 24.30 14.80 | -3.00 -6.40 -13.40 30.94 27.68 9.10 | -2.86
290 31.40 24.40 14.80 | -3.00 -6.30 -13.40 30.96 27.68 9.06 | -2.86
295 31.20 24.40 15.20 | -3.20 -6.30 -13.00 30.94 27.68 9.02 | -2.86
300 31.20 24.50 16.00 | -3.20 -6.20 -12.20 30.94 27.69 8.99 | -2.86

TABLE A44 (con’d).

Comparison of human shoulder, arm and hand temperatures (degrees C) from Pelapu 4

with Model predictions. Estimates of chest temperature were compared to human shoulder
data. Actual temperatures and change from initial temperatures are given.
*: Data referenced to first recorded temperature (28.2C).
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WUMAN SUBJECT No.: 3 SEX: Male MODEL PREDICTIONS for SUBJECT No.: 3
SUIT: BAYLEY IMMERSION WATER TEMP: 32 deg F
TIME ABDOMEN THIGN CALF |ABDOMEN THIGM CALF ABDOMEN THIGH CALF |ABDOMEN THIGH CALF
ain left left | right teft |
(Actusl tesp.) | (Change in temp.) (Estimated tesp.) | (Change in temp.)
............................ eeeccsecaeaccarmeceesmanconesssesetnenacmtencaneheerearanaseeaaneen e
0 32.90 32.10 32.30 | 0.00 0.00 0.00 34.75 33.61 32.99 | 0.00 0.00 0.00
5 32.50 31.10 31.40 | -0.40 -1.00 -0.90 33.34 31.22 30.96 | -1.41 -2.39 -2.03
10 32.60 30.30 31.00 | -0.30 -1.30 -1.30 32.85 30.47 30.37 | -1.90 -3.14 -2.62
15 32.50 29.40 30.40 | -0.40 -2.70 -1.90 32.66 29.97 29.96 | -2.11 -3.64 -3.03
20 32.30 28.60 29.90 | -0.60 -3.50 -2.40 32.13 29.56 29.58 | -2.62 -4.05 -3.41
&5 32.20 28.10 29.40 | -0.70 -4.00 -2.90 31.58 29.23 29.23 | -3.17 -4.38 -3.76
30 32.10 27.60 28.90 | -0.80 -4.50 -3.40 31.20 29.01 28.92 | -3.55 -4.60 <4.07
35 32.00 27.10 28.50 | -0.90 -5.00 -3.80 30.93 28.87 28.63 | -3.82 -4.74 -4.36
40 31.70 26.70 28.10 | -1.20 -5.40 -4.20 30.73 28.78 28.36 | -4.02 -4.83 -4.63
45 31.50 26.30 27.60 | -1.40 -5.80 -4.70 30.58 2B8.71 28.10 | -4.17 -~4.90 -4.89
50 31.40 25.90 27.30 | -1.50 -6.20 -5.00 30.48 2B.68 27.86 | -4.27 -4.93 -5.1%
55 31.10 25.60 26.90 | -1.80 -6.50 -5.40 30.40 28.65 27.62 | -4.35 -4.96 -5.37
60 31.00 25.30 26.70 | -1.90 -6.80 -5.60 30.34 2B.63 27.39 | -4.41 -4.98 -5.60
65 30.90 25.00 26.30 | -2.00 -7.10 -6.00 30.30 28.60 27.17 | -4.45 -5.01 -5.82
70 30.90 24.80 26.00 | -2.00 -7.30 -6.30 30.26 2B.57 26.96 | -4.49 -5.04 -6.03
75 30.80 24.60 25.70 | -2.10 -7.50 -6.40 30.23 28.55 26.75 | -4.52 -5.06 -6.24
80 30.80 24.40 25.50 | -2.10 -7.70 -6.80 30.21 28.52 26.55 | -4.54 -5.09 -6.44
85 30.70 24.20 25.20 | -2.20 -7.90 -7.10 30.20 28.49 26.36 | -4.55 -5.12 -6.63
90 30.50 24.20 24.90 | -2.40 -7.90 -7.40 30.19 28.47 26.18 | -4.56 -5.14 -6.81
95 30.40 24.00 24.70 | -2.50 -8.10 -7.40 30.18 2B.45 26.00 | -4.57 -5.16 -6.99
100 30.50 23.70 24.50 | -2.40 -8.40 -7.80 30.18 28.43 25.83 | -4.57 -5.18 -7.16
105 30.40 23.70 26,30 | -2.50 -8.40 -8.00 30.19 28.41 25.67 | -4.56 -5.20 -7.32
110 30.40 23.60 24.10 | -2.50 -8.50 -8.20 30.19 28.40 25.52 | -4.56 -5.21 -7.47
115 30.50 23.60 23.90 | -2.40 -8.50 -8.40 30.20 28.39 25.37 | -4.55 -5.22 -7.62
120 30.70 23.40 23.70 | -2.20 -8.70 -8.80 30.21 28.38 25.23 | -4.54 -5.23 -7.76
125 30.70 23.40 23.50 | -2.20 -3.70 -3.8%0 30.23 28.37 25.10 | -4.52 -5.2¢ -7.89
130 30.70 23.40 23.40 | -2.20 -8.70 -8.90 30.2¢ 28.36 24.97 | -4.51 -5.25 -8.02
135 30.70 23.40 23.20 | -2.20 -8.70 -9.10 30.25 28B.36 26.85 | -4.50 -5.25 -8.14
140 30.70 23.40 23.00 | -2.20 -8.70 -9.30 30.27 28.35 24.74 | -4.48 -5.26 -8.25
145 30.90 23.30 22.90 | -2.00 -8.80 -9.40 30.28 28.34 24.63 | -4.47 -5.27 -8.36
150 30.90 23.40 22.80 | -2.00 -8.70 -9.50 30.29 28.34 24.52 | -4.46 -5.27 -8.47

TABLE A45. Comparison of human abdomen, thigh and calf temperatures (degrees C) from Pelapu 4 with
Model predictions. Actual temperatures and change from initial temperatures are given.
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NAWCADWAR-93069-60

WUMAN SUBJECT No.: 3 SEX: Male MODEL PREDICTIONS for SUBJECT No.: 3§

SUIT: BAYLEY IMMERSION WATER TEMP: 32 deg F

TINE ABOOMEN THIGH CALF JABDOMEN THIGH CALF ABDOMEN THIGH CALF |ABDOMEN THIGH CALF
sin left  left | right left |

(Actual temp.) | (Change in tesp.) (Estimated tesp.) | (Change in tesp.)

............................ S SR
155 30.90 23.40 22.70 | -2.00 -8.70 -9.60 30.30 28.33 20.43 | -4.45 -5.28 -8.56
160 31.00 23.30 22.50 | -1.90 -8.80 -9.80 30.32 28.33 2¢.33 | -4.43 -5.28 -8.66
165 30.90 23.30 22.40 | -2.00 -8.80 -9.90 30.33 28.33 2¢.26 | -4.42 -5.28 -B.75
170 30.90 23.20 22.30 | -2.00 -8.90 -10.00 30.36 28.32 26.15 | -4.41 -5.29 -8.84
175 31.00 23.20 22,20 | -1.90 -8.90 -10.10 30.35 28.32 24.07 | -4.40 -5.29 -8.92
180 31.10 23.30 22.10 | -1.80 -8.80 -10.20 30.36 28.32 23.99 | -4.39 -5.29 -9.00
185 31.30 23.60 22.10 | -1.60 -8.50 -10.20 30.37 28.31 23.92 | -4.38 -5.30 -9.07
190 31.30 23.80 21.90 { -1.60 -8.50 -10.40 30.37 28.31 23.85 | -4.38 -5.30 -9.1%
195 31.30 23.50 21.80 | -1.60 -8.60 -10.50 30.38 28.31 23.78 | -4.37 -5.30 -9.2%
200 31,30 23.50 21.80 | -1.60 -8.60 -10.50 30.39 e8.31 23.71 | -4.36 -5.30 -9.28
205 31.50 23.50 21.70 | -1.40 -8.40 -10.60 30.39 28.30 23.65 | -4.36 -5.31 -9.34
210 31.60 23.40 21.60 | -1.30 -8.70 -10.70 30.40 28.30 23.59 | -4.35 -5.31 -9.40
215 31.80 23.5¢ 21.50 | -1.10 -8.60 -10.80 30.41 28.30 23.54 | -4.34 -5.31 -9.45
220 31,60 23.60 21.40 | -1.30 -8.50 -10.90 30.41 28.30 23.48 | -4.34 -5.31 -9.51%
225 31.60 23.50 21.30 | -1.30 -8.60 -11.00 30.42 28.30 23.43 | -4.33 -5.31 -9.56
230 31,60 23.70 21.20 | -1.30 -8.40 ~11.10 30.42 28.30 23.38 | -4.33 -5.31 -9.61
255 31,70 23.80 21.20 | -1.20 -8.30 -11.10 30.43 28.29 23.34 | -4.32 -5.32 -9.65
2,0 31.80 23.90 21.10 | -1.10 -8.20 -11.20 30.43 28.29 23.29 | -4.32 -5.32 -9.70
245 31.90 23.80 21.00 | -1.00 -8.30 -11.30 30.43 28.29 23.25 | -4.32 -5.32 -9.7%
250 31.90 23.70 21.00 } -1.00 -8.40 -11.30 30.44 28.29 23.21 | -4.31 -5.32 -9.78
255 32.10 23.80 20.90 | -0.80 -8.30 -11.40 30.44 28.29 23.17 | -4.31 -5.32 -9.82
260 32,20 24.00 20.90 | -0.70 -8.10 -11.40 30.44 28.29 23.13 | ~4.31 -5.32 -9.86
265 32.30 24.10 21,00 | -0.60 -8.00 -11.30 30.45 28.29 23.09 | -4.30 -5.32 -9.90
270 32.30 24.00 21.10 | -0.60 -8.10 -11.20 30.45 28.28 23.06 | -4.30 -5.33 -9.93
275 32,30 26.00 21.20 | -0.60 -8.10 -11.10 30.45 28.28 23.03 | -4.30 -5.33 -9.96
280 32.20 24.10 21.20 | -0.70 -8.00 -11.10 30.45 28.28 23.00 | -4.30 -5.33 -9.99
285 32.10 24.10 21.10 | -0.80 -8.00 -11.20 30.45 28.28 22.96 | -4.30 -5.33 -10.03
290 32.00 24.30 21.10 | -0.90 -7.80 -11.20 30.45 28.28 22.94 | -4.30 -5.33 -10.05
295 32.00 24.90 21.20 | -0.90 -7.20 -11.10 30.46 28.28 22.91 | -4.29 -5.33 -10.08
300 31.80 25.30 21.20 | -1.10 -6.80 -11.10 30.46 28.28 22.88 | -4.29 -5.33 -10.11

TABLE A45 (con‘d). Comparison of human abdomen, thigh and calf temperatures (degrees C) from Pelapu 4
with Model predictions. Actual temperatures and change from initial temperatures are given.
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NAWCADWA.R-93069-60

NUMAN SUBJECT No.: 4 SEX: Male MODEL PREDICTIONS for SUBJECT No.: &
SUIT: BAYLEY IMMERSION WATER TEMP: 32 deg F
TIME SHOULDER ARM  HAND |SHOULDER ARM  HAND CHEST ARM  HAND | CHEST ARM  HAND
min right tleft | right left |
(Actual temp.) | (change in temp.) (Estimated temp.) | (Change in temp.)
Smeeseevmcsccnccasccsancennns L L AL L L LR T S P R P R R R R
0 32.80 29.80 27.50 | 0.00 0.00 0.00 33.79 32.76 32.72 | 0.00 0.00 0.00
5 32.30 29.40 27.30 | -0.50 -0.40 -0.20 31.40 29.26 29.14 | -2.39 -3.50 -3.58
10 31.720 28.80 26.70 | -1.10 -1.00 -0.80 30.48 27.81 27.16 | -3.31 -4.95 -5.56
15 31.10 28.3¢0 26.20 | -1.70 -1.50 -1.30 29.91 26.81 26.43 | -3.88 -5.95 -6.29
20 30.50 27.80 25.50 | -2.30 -2.00 -2.00 29.41 26.05 25.44 | -4.38 -6.71 -7.28
25 30.00 27.40 24.80 | -2.80 -2.40 -2.70 29.18 25.51 24.53 | -4.61 -7.25 -8.19
29.50 27.10 24.40 | -3.30 -2.70 -3.10 29.17 25.21 23.67 | -4.62 -7.55 -9.05
35 29.20 26.90 23.80 ° -3.60 -2.90 -3.70 29.26 25.06 22.89 | -4.55 -7.70 -9.83%
40 28.80 26.60 23.10 | -4.00 -3.20 -4.40 29.29 26.94 22.13 | -4.50 -7.82 -10.59
45 28.40 26.20 22.50 | -4.40 -3.60 -5.00 29.35 26.87 21.40 | -6.46 -7.89 -11.32
50 28.10 25.90 22.00 | -4.70 -3.90 -5.50 29.40 264.82 20.73 | -4.39 -7.94 -11.99
55 27.90 25.60 21.20 | -4.90 -4.20 -6.30 29.44 24.80 20.08 | -4.35 -7.96 -12.64
60 27.60 25.30 20.90 | -5.20 -4.50 -6.60 29.49 26.80 19.46 | -4.30 -7.96 -13.26
65 27.50 25.00 20.30 | -5.30 -4.80 -7.20 29.52 24.82 18.88 | -4.27 -7.94 -13.84
27.30 24.70 19.80 | -5.50 -5.10 -7.70 29.55 24.85 18.32 | -4.26 -7.91 -14.40
5 27.20 24.50 19.20 | -5.60 -5.30 -8.30 29.57 24.88 17.80 | -4.22 -7.88 -14.%92
27.1C 24.30 18.60 | -5.70 -5.50 -8.90 29.59 24.92 17.31 | -4.20 -7.84 -15.41
8 27.10 24.10 17.90 | -5.70 -5.70 -9.60 29.60 24.97 16.83 | -4.19 -7.79 -15.89
27.10 24.00 17.60 | -5.70 -5.80 -9.90 29.60 25.01 16.39 | -4.19 -7.75 -16.33
95 27.10 23.80 17.40 | -5.70 -6.00 -10.10 29.60 25.06 15.97 | -4.19 -7.70 -16.75
100 27.20 23.60 17.00 | -5.60 -6.20 -10.50 29.60 25.10 15.57 | -4.19 -7.66 -17.15
105 27.20 23.50 16.90 | -5.60 -6.30 -10.60 29.60 25.14 15.19 | -4.19 -7.82 -17.53
110 27.30 23.30 16.30 | -5.50 -6.50 -10.70 29.59 25.18 14.84 | -4.20 -7.58 -17.88
115  27.40 23.20 16.80 | -5.40 -6.60 -10.70 29.59 25.22 14.50 | -4.20 -7.54 -18.22
120 27.50 23.00 16.60 | -5.30 -6.80 -10.90 29.58 25.26 14.18 | -4.21 -7.50 -18.5¢4
125 27.50 22.80 16.30 | -5.30 -7.00 -11.20 29.57 25.29 13.88 | -4.22 -7.47 -18.84
130 27.50 22.70 16.40 | -5.30 -7.10 -11.10 29.56 25.33 13.60 | -4.23 -7.43 -19.12
135 27.40 22.60 16.20 | -5.40 -7.20 -11.30 29.56 25.36 13.32 | -4.23 -7.40 -19.40
140 27.40 22.60 16.20 | -5.40 -7.20 -11.30 29.55 25.39 13.07 | -4.26 -7.37 -19.65
145 27.40 22.50 16.30 | -5.40 -7.30 -11.20 29.54 25.47 12.83 | -4.25 -7.35 -19.89
150 27.40 22.40 16.20 | -5.40 -7.40 -11.30 29.53 25.44 12.60 | -4.26 -7.32 -20.12

TABLE A4S6. Comparison of human shoulder, arm and hand temperatures (degrees C) from Pelapu 4 with
Model predictions. Estimates of chest temperature were compared to human shoulder data.
Actual temperatures and change from initial temperatures are given.
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HUMAN SUBJECT No.: 4 SEX:

SUlT:
TIME
min

-----------------------------

200
205
210
215
220
225
230
35
240
245
250
255
260
265
270
an
280
285
290
295
300

TABLE A46 (con’d).
with Model predictions.

BAYLEY IMMERSION
SHOULDER ARM  NAND

27.50
27.30
27.40
27.30
27.50
27.50
27.50
27.50
27.50
27.50
27.40
27.40
27.40
27.30
27.40
27.30
27.30
27.20
27.20
27.10
27.10
27.00
27.00
27.00
26.90
26.90
26.90
26.90
26.80
26.80

right tleft | right left }
(Actual temp.) | (¢Change in temp.) (Estimated temp.) | (Change in temp.)

D el N S ] $ecmreccrcncseccsonnna
22.30 16.10 | -5.30 -7.50 -11.40 29.53 25.46 12.38 | -4.26 -7.30 -20.34
22.30 16.10 | -5.30 -7.50 -11.40 29.52 25.48 12.18 | -4.27 -7.28 -20.54
22.30 16.20| -5.40 -7.50 -11.30 29.51 25.50 11.98 | -4.28 -7.26 -20.7%
22.20 16.10 | -5.30 -7.60 -11.40 29.51 25.51 11,80 | -4.28 -7.25 -20.92
22.00 16.00 | -5.30 -7.80 -11.50 29.50 25.53 11.82 | -4.29 -7.23 -21.10
21.90 15.90 | -5.30 -7.90 -11.60 29.50 25.54 11.46 | -4.29 -7.22 -21.26
21.90 15.80 | -5.30 -7.90 -11.70 29.49 25.55 11.30 | -4.30 -7.21 -21.42
21.90 15.70 | -5.30 -7.90 -11.80 29.49 25.56 11.16 | -4.30 -7.20 -21.56
22.00 15.50 | -5.30 -7.80 -12.00 29.48 25.57 11.01 | -4.31 -7.19 -21.7%
22.00 15.60 | -5.30 -7.80 -11.90 29.48 25.58 10.88 | -4.31 -7.18 -21.84
21.90 15.60 | -5.40 -7.90 -11.90 29.47 25.59 10.76 | -4.32 -7.17 -21.96
22.00 15.30 | -5.40 -7.80 -12.20 29.47 25.59 10.64 | -4.32 -7.17 -22.08
21.90 15.70 | -5.40 -7.90 -11.80 29.47 25.60 10.53 | -4.32 -7.16 -22.19
21.90 15.70 | -5.50 -7.90 -11.80 29.46 25.61 10.42 | -4.33 -7.15 -22.30
22.10 15.60 | -5.40 -7.70 -11.90 29.46 25.61 10.32 | -4.33 -7.15 -22.40
22.10 15.30 | -5.50 -7.70 -12.20 29.46 25.62 10.23 | -6.33 -7.14 -22.49
21.70 15.40 | -5.50 -8.10 -11.90 29.45 25.62 10.14 | -4.34 -7.14 -22.58
21.70 15.40 | -5.60 -8.10 -12.10 29.453 25.62 10.05 | -4.34 -7.14 -22.67
21.60 15.50 | -5.60 -8.20 -12.00 29.45 25.63 9.97 | -4.34 -7.13 -22.75
21.50 15.40 | -5.70 -8.30 -12.10 29.45 25.63 9.90 | -4.34 -7.13 -22.82
21.50 15.50 | -5.70 -8.30 -12.00 29.44 25.63 9.82 | -6.35 -7.13 -22.90
21.40 15.60 | -5.80 -8.40 -11.90 29.44 25.64 9.76 | -4.35 -T7.12 -22.96
21.30 15.50 | -5.80 -8.50 -12.00 29.46 25.64 9.69 | -4.35 -7.12 -23.03
21.40 15.40 | -5.80 -8.40 -12.10 29.46 25.64 9.63 | -4.35 -7.12 -23.09
21.40 15.20 | -5.90 -8.40 -12.30 29.44 25.64 9.57 | -4.35 -7.12 -23.15
21.40 15.20 | -5.90 -8.40 -12.30 29.43 25.66 9.52 | -4.36 -7.12 -23.20
21.10 15.10 | -5.90 -8.70 -12.40 29.43 25.65 9.47 | -4.36 -7.11 -23.25
20.90 15.10 | -5.90 -8.90 -12.40 29.43 25.65 9.42 | -4.36 -7.11 -23.30
20.90 15.10 | -6.00 -8.90 -12.40 29.43 25.65 9.37 | -4.36 -7.11 -23.35
20.90 15.30 | -6.00 -8.90 -12.20 29.43 25.65 9.33 | -4.36 -7.11 -23.39
Comparison of human shoulder, arm and hand temperatures (degrees C) from Pelapu 4

data.

NAWCADWAR-93069-60
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WATER TENP: 32 deg F
|SHOULDER ARM  HAND
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Estimates of chest temperature were compared to human shoulder
Actuai temperatures and change from initial temperatures are given.




NAWCADWAR-93069-60
HUMAN SUBJECT No.: 4 SEX:  Male MODEL PREDICTIONS for SUBJECT Mo.: &
SUIT: BAYLEY IMMERSION  WATER TENP: 32 deg F
TINE ASDOMEN THIGH CALF |ABDOMEN THIGH CALF ASDOMEN THIGN CALF |ABDOMEN THIGH CALF
nin left  left | right left |
(Actual temp.) | (Change in temp.) (Estimated temp.) | (Change in temp.)
............................ O S S
0 32.40 32.10 32.60 | 0.00 0.00 0.00 34.75 33.61 32.98 | 0.00 0.00 0.00
5 31.90 30.80 31.70 | -0.50 -1.30 -0.90 33.21 30.60 30.20 | -1.5¢ -3.01 -2.78
10 31.60 30.10 31.20 | -0.80 -2.00 -1.40 32.39 29.48 29.34 | -2.36 -4.13 -3.64
15 31.30 29.60 30.80 | -1.10 -2.50 -1.80 31.84 28.78 28.831 | -2.91 -4.83 -4.17
20 30.90 29.00 30.40 | -1.50 -3.10 -2.20 31,26 28.28 28.40 | -3.51 -5.33 -4.58
&S 30.60 28.60 29.90 | -1.80 -3.50 -2.70 30.76 27.89 28.05 | -3.99 -5.72 -4.93
30 30.30 28.20 29.20 | -2.10 -3.90 -2.80 30.38 27.60 27.75 | -4.37 -6.01 -5.23
35 29.90 27.70 29.10 | -2.50 -4.40 -3.50 30.09 27.37 27.47 | -4.66 -6.24 -5.51
40 29.60 27.30 28.70 | -2.80 -4.80 -3.90 29.83 27.18 27.20 | -4.92 -6.43 -5.78
45 29.20 26.90 28.30 | -3.20 -5.20 -4.30 29.62 27.01 26.95 | -5.13 -6.60 -6.03
50 28.90 ©4.50 27.90 | -3.50 -5.60 -4.70 29.44 26.87 26.71 | -5.31 -6.7% -6.27
55 28.70 26.20 27.50 | -3.70 -5.90 -5.10 29.28 26.75 26.48 | -5.47 -6.86 -6.50
60 28.50 25.90 27.10 | -3.90 -6.20 -5.50 29.15 26.63 26.25 | -5.60 -6.98 -6.73
65 28.20 25.60 26.80 | -4.20 -6.50 -5.80 29.03 26.54 26.03 | -5.72 -7.07 -6.95
70 28.10 25.30 26.40 | -4.30 -6.80 -6.20 28.93 26.45 25.82 | -5.82 -7.16 -7.16
75 27.90 25.10 26.00 | -4.50 -7.00 -6.60 28.84 26.37 25.61 | -5.91 -7.24 -7.37
80 27.80 26.80 25.60 | -4.60 -7.30 -7.00 28.77 26.30 25.42 | -5.98 -7.31 -7.56
8 27.70 2..70 25.20 | -4.70 -7.40 -7.40 28.70 26.26 25.23 | -6.05 -7.37 -7.75
90 27.60 2..50 24.90 | -4.80 -7.60 -7.70 . 28.64 26.18 25.04 | -6.11 -7.43 -7.9
95 27.60 26.40 24.50 | -4.80 -7.70 -8.10 28.59 26.13 24.86 | -6.16 -7.48 -B.12
100 27.60 24.40 24.10 | -4.80 -7.70 -8.50 28.55 26.08 26.69 | -6.20 -7.53 -8.29
105 27.60 26.60 23.70 | -4.80 -7.50 -8.90 28.52 26.04 24.52 | -6.23 -7.57 -8.46
110 27.60 24.70 23.40 | -4.80 -7.40 -9.20 28.49 26.00 24.36 | -6.26 -7.61 -8.62
115 27.50 24.80 23.10 | -4.90 -7.30 -9.50 .46 25.96 26.20 | -6.29 -7.65 -8.78
120 27.60 24.90 22.80 | -4.80 -7.20 -9.80 28.44 25.93 24.05 | -6.31 -7.68 -8.93
125 27.60 25.00 22.50 | -4.80 -7.10 -10.10 28.42 25.90 23.90 | -6.33 -7.71 -9.08
130 27.60 25.10 22.20 | -4.80 -7.00 -10.40 28.41 25.87 23.76 | -6.34 -7.7% -9.22
135 27.50 25.20 22.00 | -4.90 -6.90 -10.60 28.40 25.84 23.63 | -6.35 -7.77 -9.35
140 27.50 25.30 21.80 | -4.90 -6.80 -10.80 28.39 25.82 23.50 | -6.36 -7.79 -9.48
15 27.60 25.40 21.60 | -4.80 -6.70 -11.00 28.39 25.80 23.37 | -6.36 -7.81 -9.61
150 27.50 25.50 21.50 | -4.90 -6.60 -11.10 28.39 25.78 23.25 | -6.36 -7.83 -9.73

TABLE A47. Comparison of human abdomen, thigh and calf temperatures (degrees C) from Pelapu 4 with
Model predictions. Actual temperatures and change from initial temperatures are given.
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NAWCADWAR-93069-60

NUMAM SUBJECT Mo.: 4 SEX: Male MODEL PREDICTIONS for SUBJECT No.: 4.

SUIT: BAYLEY IMMERSION WATER TENP: 32 deg F

TIME ABDOMEN THIGH CALF |ABOOMEN THIGH CALF ABDOMEN THIGH CALF |ABDOMEN THIGH CALF
nin left left | right left |

(Actusl temp.) | (Change in tesp.) (Estimated temp.) | (Change in temp.)

............................ e ececccacemmmcemveasssecsseasacesscecact ettt medratasereaaracoonenena
155 27.50 25.60 21.30 | -4.90 -6.50 -11.30 28.38 25.76 B.14 | -6.37 -7.85 -9.8
160 27.50 25.80 21.30 | -4.90 -6.30 -11.30 28.38 25.75 23.03 | -6.37 -7.86 -9.95
165 27.50 25.70 21.30 | -4.90 -6.40 -11.30 28.39 B5.73 22.92 | -6.36 -7.88 -10.06
170 27.30 25.70 21.10 | -5.10 -6.40 -11.50 28.39 25.72 22.82 | -6.36 -7.89 -10.16
175 27.20 25.80 21.00 | -5.20 -6.30 -11.60 28.39 25.70 22.72 | -6.36 -7.91 -10.26
180 27.20 5.90 21.10 | -5.20 -6.20 -11.50 28.39 25.69 22.683 | -6.36 -7.92 -10.35
185 27.20 25.90 21.00 | -5.20 -6.20 -11.60 28.40 25.68 22.54 | -6.35 -7.93 -10.44
190 27.10 25.90 21.10 | -5.30 -6.20 -11.50 28.40 25.67 22.45 | -6.35 -7.94 -10.53
195 27.10 25.90 21.10 | -5.30 -6.20 -11.50 28.40 25.66 22.37 | -6.35 -7.95 -10.6%
200 27.10 25.80 21.00 | -5.30 -6.30 -11.60 28.41 25.65 22.29 | -6.34 -7.96 -10.69
205 27.20 25.80 20.90 | -5.20 -6.30 -11.70 28.41 25.64 22.21 | -6.34 -7.97 -10.77
210 27.10 25.80 20.80 | -5.30 -6.30 -11.80 28.41 25.63 22.13 | -6.34 -7.98 -10.85
215 27.10 25.80 20.80 | -5.30 -6.30 -11.80 28.42 25.63 22.07 | -6.33 -7.98 -10.91
220 27.00 25.70 21.10 | -5.40 -6.40 -11.50 28.42 25.62 22.00 | -6.33 -7.99 -10.98
225 27.20 25.50 21.30 | -5.20 -6.60 -11.30 28.43 25.61 21.93 | -6.32 -8.00 -11.05
230 27.40 25.40 21.40 | -5.00 -6.70 -11.20 28.43 25.61 21.87 | -6.32 -8.00 -11.11
235 27.30 25.30 21.20 | -5.10 -6.80 -11.40 28.43 25.60 21.81 | -6.32 -8.0% -11.17
260 27.20 25.40 21.20 | -5.20 -6.70 -11.40 28.44 25.59 21.75 | -6.31 -8.02 -11.23
245 27.20 25.40 21.20 | -5.20 -6.70 -11.40 28.44 25.59 21.70 | -6.31 -8.02 -11.28
250 27.10 25.40 21.20 | -5.30 -6.70 -11.40 28.46 25.58 21.64 | -6.31 -8.03 -11.34
255 27.10 25.40 21.30 | -5.30 -6.70 -11.30 28.44 25.58 21.59 | -6.31 -8.03 -11.39
260 27.10 25.40 21.40 | -5.30 -6.70 -11.20 28.45 25.57 21.54 | -6.30 -8.04 -11.44
265 27.10 25.40 21.50 | -5.30 -6.70 -11.10 28.45 25.57 21.49 | -6.30 -8.04 -11.49
270 27.10 25.40 21.40 | -5.30 -6.70 -11.20 28.45 25.56 21.45 | -6.30 -8.05 -11.53
275 27.00 25.30 21.40 | -5.40 -6.80 -11.20 28.45 25.56 21.40 | -6.30 -8.05 -11.58
280 27.00 25.20 21.70 | -5.40 -6.90 -10.90 28.45 25.55 21.36 | -6.30 -8.06 -11.62
285 26.90 25.30 21.60 | -5.50 -6.80 -11.00 28.46 25.55 21.32 | -6.29 -8.06 -11.66
290 26.80 25.20 21.70 | -5.60 -6.90 -10.90 28.46 25.55 21.28 | -6.29 -8.06 -11.70
295 26.80 25.20 21.80 | -5.60 -6.90 -10.80 28.46 25.54 21.25 | -6.29 -8.07 -11.73
300 26.80 25.10 21.80 | -5.60 -7.00 -10.80 28.46 25.54 21.21 | -6.29 -8.07 -11.77

TABLE A47 (con‘d). Comparison of human abdomen, thigh and calf temperatures (degrees C) from Pelapu 4
Wwith Model predictions. Actual temperatures and change from initial temperatures are given.

A-49




NAWCADWAR-93069-60

WIMAK SUBJECT No.: 2 SEX: female MODEL PREDICTIONS for SUBJECT No.: 2
SUIT: BAYLEY IMMERSION WATER TEMP: 32 deg F
TINE SHOULDER ARM  NAND |[SHOULDER ARM  HAND CHEST ARM MAND | CHEST ARM  HAND
»in right tefr | right left |
(Actual temp.) | (Change in temp.) (Estimeted temp.) | (Change in temp.)
............................. #ececrccsceacccsatscatesnrestecsnessasettorTanresafercasevonaassacarnane
0 33.70 33.20 30.90 | o0.00 0.00 0.00 33.79 32.7% 32.70 | 0.00 0.00 0.00
S 33.10 32.80 30.00 | -0.50 -0.40 -0.90 31.35 29.19 29.04 | -2.44 -3.56 -3.66
10 32.30 32.10 29.90 | -1.40 -1.,10 -1.00 30.86 27.86 27.54 | -2.93 -4.89 -5.16
15 31.60 31.60 29.30 | -2.10 -1.60 -1.60 30.21 26.81 26.29 | -3.58 -5.9% -6.41
20 31.00 31.10 28.60 | -2.70 -2.10 -2.30 29.62 26.01 25.22 | -4.17 -6.74 -7.48
25 30.60 30.60 27.60 | -3.10 -2.60 -3.30 29.44 25.53 24.22 | -4.35 -7.22 -8.48
30 30.10 29.80 26.80 | -3.60 -3.40 -4.10 29.54 25.37 23.29 | -4.25 -7.38 -9.41
35 30.00 29.40 25.70 | -3.70 -3.830 -5.20 29.68 25.36 22.44 | -4.11 -7.39 -10.26
40 29.80 28.90 24.30 | -3.90 -4.30 -6.60 29.77 25.35 21.61 | -4.02 -7.40 -11.09
45 29.90 29.40 24.10 | -3.80 -3.80 -6.80 29.86 25.36 20.84 | -3.95 -7.39 -11.86
S0 29.70 29.50 23.70 | -4.00 -3.70 -7.20 29.89 25.37 20.13 | -3.90 -7.38 -12.57
55 29.50 29.80 22.40 | -4.20 -3.40 -8.50 29.93 25.39 19.44 | -3.86 -7.36 -13.26
60 29.30 29.20 22.20 | -4.40 -4.00 -8.70 29.96 25.43 18.79 | -3.83 -7.32 -13.91
65 29.10 28.30 21.00 | -4.60 -4.90 -9.90 29.98 25.47 18.18 | -3.81 -7.28 -14.52
70 28.90 28.30 20.20 | -4.80 -4.90 -10.70 30.00 25.51 17.60 | -3.79 -7.26 -15.10
75 28.70 27.60 20.70 | -5.00 -5.60 -10.80 30.02 25.57 17.04 | -3.77 -7.18 -15.66
80 28.70 27.20 19.20 | -5.00 -6.00 -11.70 30.04 25.62 16.53 | -3.75 -7.13 -16.17
8 28.60 27.20 19.00 | -5.10 -6.00 -11.90 30.05 25.67 16.03 | -3.74 -7.08 -16.67
90 28.60 26.90 17.70 | -5.10 -6.30 -13.20 30.05 25.72 15.56 | -3.74 -7.03 -17.14
95 28.60 26.20 17.20 | -5.10 -7.00 -13.70 30.06 25.77 15.13 | -3.73 -6.98 -17.57
100 28.80 26.30 16.80 | -4.90 -6.90 -14.10 30.07 25.82 14.70 | -3.72 -6.93 -18.00
105 28.830 26.10 15.90 | -4.90 -7.10 -15.00 30.07 25.86 14.31 | -3.72 -6.89 -18.39
110 28.80 26.10 15.60 | -4.90 -7.10 -15.30 30.07 25.89 13.95 | -3.72 -6.86 -18.75
115 28.80 25.90 15.80 | -4.90 -7.30 -15.10 30.08 25.93 13.60 | -3.71 -6.82 -19.10
120 28.70 25.70 15.50 | -5.00 -7.50 -15.40 30.08 25.96 13.27 | -3.71 -6.79 -19.43
125 28.60 25.30 15.00 | -5.10 -7.90 -15.90 30.08 25.98 12.98 | -3.71 -6.77 -19.72
130 28.40 25.00 14.80 | -5.30 -8.20 -16.10 30.08 26.01 12.6%9 | -3.71 -6.74 -20.01
135 28.20 24.40 14.50 | -5.50 -8.80 -16.40 30.08 26.03 12.42 | -3.71 -6.72 -20.28
140 28.30 24.00 14.00 | -5.40 -9.20 -16.90 30.08 26.05 12.17 | -3.71 -6.70 -20.53
145 28.40 23.70 14.30 | -5.30 -9.50 -16.60 30.09 26.07 11.94 | -3.70 -6.68 -20.76
150 28.50 23.30 14.00 | -5.20 -9.90 -16.90 30.09 26.08 11.72 | -3.70 -6.67 -20.98

TABLE A48. Comparison of human shoulder, arm and hand temperatures (degrees C) from Pelapu 4 with
Model predictions. Estimates of chest temperature were compared to human shoulder data.
Actual temperatures and change from initial temperatures are given.
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MODEL PREDICTIONS for SUBJECT No.: 2

11.51
11.32 |
11.13 |
10.97 |
10.81 |
10.66 |
10.52 |
10.39 |
10.26 |
10.15 |
10.04 |
9.9 |
9.8 |
9.75 |
9.67 |
9.59 |
9.52 |
9.45 |
9.39 |
9.33 |
9.27 |
9.22 |
9.17 |
9.12 |
9.08 |
9.03 |
9.00 |
8.96 |
8.93 |

HUMAN SUBJECT No.: 2 SEX: female
SUIT: BAYLEY IMMERSION WATER TEMP: 32 deg F
TIME SHOULDER ARM  HAND |SHOULDER ARM  MAND
ain right left | right left
(Actual temp.) | (Change in temp.)
............................. deccceseecemscsscceareeessseeseemrenvaveenannanesn
155 28.90 23.10 13.70 | -4.80 -10.10 -17.20
140 28.90 23.10 13.70 | -4.80 -10.10 -17.20
165  29.10 23.20 14.00 | -4.50 -10.00 -16.90
170 29.10 22.90 13.60 | -4.50 -10.30 -17.30
175 29.20 22.70 13.70 | -4.50 -10.50 -17.20
180 29.20 23.10 13.60 | -4.50 -10.10 -17.30
185 29.20 22.90 13.30 | -4.50 -10.30 -17.60
190  29.20 22.80 13.00 | -4.50 -10.40 -17.90
195 29.20 22.70 12.80 | -4.50 -10.50 -18.10
200 29.20 22.40 12.80 | -4.50 -10.80 -18.10
205 29.10 22.30 12.60 | -4.60 -10.90 -18.30
210 29.20 22.60 12.80 | -4.50 -10.60 -18.10
215 29.20 22.70 12.90 | -4.50 -10.50 -18.00
220 29.00 22.40 13.00 | -4.70 -10.80 -17.90
225 28.90 22.10 13.20 | -4.80 -11.10 -17.70
230 28.30 21.90 12.90 | -4.90 -11.30 -18.00
235 29.00 21.60 12.60 | -4.70 -11.60 -18.30
260 29.10 21.50 12.80 ] -4.60 -11.70 -18.10
245  29.30 21.30 12.60 | -4.40 -11.90 -18.30
250 29.30 21.10 12.70 | -4.40 -12.10 -18.20
&5 29.20 21.30 12.50 | -4.50 -11.90 -18.40
260 29.30 21.20 12.70 | -4.40 -12.00 -18.20
265 29.30 21.40 12.60 | -4.40 -11.80 -18.30
270 29.30 21.50 13.10 | -4.40 -11.70 -17.80
275  29.56 21.50 12.90 | -4.20 -11.70 -18.00
280 29.40 21.30 12.80 | -4.30 -11.90 -18.10
285 29.30 21.10 12.90 | -4.40 -12.10 -18.00
290 29.50 20.90 12.50 | -4.20 -12.30 -18.40
295 29.60 21.30 12.40 [ -4.10 -11.90 -18.50
300 29.70 21.40 12.30 | -4.00 -11.80 -18.60

TABLE A48 (con’d).

with Model predictions.

8.89 |

CHEST ARM  WAND

(Change in temp.)

.....................

-3.68 -6.57 -22.66
-3.68 -6.57 -22.76
-3.68 -6.56 -22.86
-3.68 -6.56 -22.9%
-3.68 -6.55 -23.03
-3.68 -6.55 -23.11
-3.68 -6.55 -23.18
-3.68 -6.54 -23.25
<3.67 -6.54 -83.3%1
-3.67 -6.54 -23.37
-3.67 -6.54 -23.43
-3.67 -6.53 -2B3.48
-3.67 -6.53 -23.53
-3.67 -6.53 -23.58
-3.67 -6.53 -23.62
-3.67 -6.53 -23.67
-3.67 -6.53 -23.70
-3.67 -6.52 -283.74
-3.67 -6.52 -B3.T7
-3.67 -6.52 -23.81

Comparison of human shoulder, arm snd hand temperatures (degrees C) from Pelapu &
Estimates of chest temperature were compared to human shoulder

data. Actual temperatures and change from initial temperatures are given.
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NAWCADWAR-93069-60

MUMAN SUBJECT No.: 2 SEX: famale MODEL PREDICTIONS for SUBJECT No.: 2

SUIT: BAYLEY INMERSION WATER TEMP: 32 deg ¥

TINE ABDOMEN THIGH CALF JABDOMEN THIGH CALF ABDOMEN THIGH CALF |ABDOMEN THIGN CALF

nin left  left | right left |

(Actusl temp.) | (Change in temp.) (Estimated temp.) | (Chenge in temp.)

eececccccectecscacccnccnancn emcccccececcvemmcraseccecccmcasssmnsasanrosnaanan €ecroeemerarrecananaan
0 35.90 31.40 29.90 | 0.00 0.00 0.00 34.75 33.61 32.98| 0.00 0.00 0.00
5 35.80 31.10 29.70 | -0.10 -0.30 -0.20 33.18 30.53 30.11 | -1.57 -3.08 -2.87
10 36.00 30.90 29.30 ] 0.10 -0.50 -0.60 32.86 29.42 29.25 | -1.89 -4.19 -3.73
15 35.80 30.60 28.70 | -0.10 -0.80 -1.20 32.33 28.68 28.67 | -2.42 -4.93 -4.31
20 35.60 30.20 28.10 | -0.30 -1.20 -1.80 31.60 28.14 28.23 | -3.15 -5.47 <4.75
23 35.50 29.90 27.60 | -0.40 -1.50 -2.30 31.06 27.72 27.85 | -3.71 -5.89 -5.13
30 35.40 29.60 27.20 | -0.50 -1.80 -2.70 30.62 27.45 27.52 | -4.13 <6.16 -5.46
35 35.30 29.30 26.80 | -0.60 -2.10 -3.10 30.31 27.25 27.23 | ~4.4b -6.36 -5.7%
40 35.20 238.80 26.40 | -0.70 -2.60 -3.50 30.05 27.08 26.96 | -4.70 <6.53 -6.02
45 35.20 28.50 26.10 | -0.70 -2.90 -3.80 29.84 26.9% 26.70 | ~4.91 -6.67 -6.28
50 35.10 28.30 25.70 | -0.80 -3.10 -4.20 29.67 26.83 26.45 | -5.08 -6.78 -6.53
55 35.00 28.00 25.40 | -0.90 -3.40 -4.50 29.52 26.72 26.21 | -5.23 -6.89 -6.77
60 34.90 27.70 25.10 | -1.00 -3.70 -4.80 29.40 26.64 25.99 | -5.35 -6.97 -6.99
65 34.80 27.70 26.70 | -1.10 -3.70 -5.20 29.30 26.56 25.77 | -5.45 -7.05 -7.21
70 34.70 27.50 24.40 | -1.20 -3.90 -5.50 29.21 26.50 25.56 | -5.54 -7.11 -7.42
75 34.70 27.50 26.10 | -1.20 -3.90 -5.80 29.14 26.45 25.36 | -5.61 -7.16 -7.62
80 34.60 27.60 23.80 | -1.30 -3.80 -6.10 29.08 26.40 25.18 | -5.67 -7.21 -7.80
85 34.60 27.60 23.60 | -1.30 -3.80 -6.30 29.03 26.36 24.99 | -5.72 -7.25 -7.99
90 34.50 27.20 23.30 | -1.40 -4.20 -6.60 28.99 26.33 24.82 | -5.76 -7.28 -8.16
95 34.30 27.30 23.00 | -1.60 -?.50 -6.90 28.96 26.30 26.66 | -5.79 -7.31 -8.32
100 34.30 27.70 22.70 | -1.60 -3.70 -7.20 28.94 26.28 26.50 | -5.81 -7.33 -8.48
105 34.20 27.60 22.40 | -1.70 -3.30 -7.50 28.92 26.26 24.35 | -5.83 -7.35 -8.63
110 34.20 27.50 22.10 | -1.70 -3.90 -7.80 28.91 26.26 24.21 | -5.8 -7.37 -8.77
115 34.10 27.40 21.90 | -1.80 -4.00 -8.00 28.90 26.23 24.07 | -5.85 -7.38 -8.91
120 34.10 27.40 21.70 | -1.80 -4.00 -8.20 28.90 26.21 23.94 | -5.85 -7.40 -9.04
125 34.10 27.40 21.50 | -1.80 -4.00 -8.40 28.89 26.20 23.82 | -5.86 -7.41 -9.16
130 34.10 27.60 21.30 | -1.80 -3.80 -8.40 28.90 26.19 23.70 | -5.85 -7.42 -9.28
135 34.10 27.60 21.10 | -1.80 -3.80 -8.80 28.90 26.18 23.59 | -5.85 -7.43 -9.39
140 34.10 27.50 20.90 | -1.80 -3.90 -9.00 28.90 26.18 23.49 | -5.85 -7.43 -9.49
145 34.10 27.50 20.70 | -1.80 -3.90 -9.20 28.91 26.17 23.38 | -5.84 -7.44 -9.60
150 34.00 27.50 20.50 | -1.90 -3.90 -9.40 28.92 26.16 23.29 | -5.83 -7.45 -9.49

TABLE A49. Comparison of human abdomen, thigh and calf temperatures (degrees C) from Pelapu 4 with

Model predictions.
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Actual temperatures and change from initial temperatures are given.




NAWCADWAR-93069-60

MUMAN SUBJECT Mo.: 2 SEX: Female MODEL PREDICTIONS for SUBJECT No.: 2

SUIT: BAYLEY INMERSION VATER TEWP: 32deg ¥

TINE ABOOMEN THIGHN CALF JARDOMEN THIGH CALF ABDOMEN THIGH CALF |ABDOMEN THIGN CALF
min left left | right left }

(Actual tesp.) | (Change in temp.) (Estimated temp.) | (Change in tesp.)

--------- L D T L T T L T R T T T T S
155 34.00 27.30 20.30 | -1.90 -4.10 -9.60 28.92 26.16 23.20 | -5.83 -7.45 -9.78
160 34.00 27.30 20.30 | -1.90 -4.10 -9.60 28.93 26.15 23.11 | -5.82 -7.46 -9.87
163 33.90 27.10 20.20 | -2.00 -4.30 -9.70 28.9% 26.15 23.03 | -5.81 -7.46 -9.95
170 34.00 26.90 20.00 | -1.90 -4.50 -9.90 28.95 26.16 22.95 | -5.80 -7.47 -10.03
175 34.00 26.80 20.00 | -1.90 -4.60 -9.90 28.96 26.14 22.87 | -5.79 -7.47 -10.M1
180 34.10 27.00 19.80 | -1.80 -4.40 -10.10 28.96 26.13 22.80 | -5.79 -7.48 -10.18
185 34.20 27.00 19.60 | -1.70 -4.40 -10.30 28.97 26.13 22.73 | -5.78 -7.48 -10.25
190 34.20 27.10 19.50 | -1.70 -4.30 -10.40 28.98 26.13 22.67 | -5.77 -7.48 -10.31
195 34.20 27.00 19.40 | -1.70 -4.40 -10.50 28.99 26.13 22.6%1 | -5.76 -7.48 -10.37
200 34.20 26.90 19.20 | -1.70 -4.50 -10.70 28.99 26.12 22.55 | -5.76 -7.49 -10.43
205 34.20 27.10 19.10 | -1.70 -4.30 -10.%0 29.00 26.12 22.49 | -5.75 -7.49 -10.49
210 34.30 27.10 19.00 | -1.60 -4.30 -10.90 29.01 26.12 22.44 | -5.7% -7.49 -10.54
215 34.30 27.00 18.90 | -1.60 -4.40°-11.00 29.01 26.12 22.39 | -5.74 -7.49 -10.59
220 34.20 25.30 18.80 } -1.70 -6.10 -11.10 29.02 26.11 22.34 | -5.73 -7.50 -10.64
5 34.20 26.70 18.80 | -1.70 -4.70 -11.10 29.02 26.11 22.29 | -5.73 -7.50 -10.69
230, 34.20 26.60 18.80 | -1.70 -4.80 -11.10 29.03 26.11 22.25 | -5.72 -7.50 -10.73
235 34.20 26.60 18.80 | -1.70 -4.80 -11.10 29.04 26.11 22.20 | -5.7% -7.50 -10.78
20 34.20 26.3¢ 18.60 | -1.70 -5.10 -11.30 29.06 26.11 22.16 | -5.71 -7.50 -10.82
265 34.20 26.00 18.70 | -1.70 -5.40 -11.20 29.06 26.11 22.12 | -5.71 -7.50 -10.86
250 34.20 25.60 18.60 | -1.70 -5.80 -11.30 29.05 26.10 22.09 | -5.70 -7.51 -10.89
&85 34.20 25.80 18.70 | -1.70 -5.60 -11.20 29.05 26.10 22.05 | -5.70 -7.5%1 -10.93
260 34.20 25.60 18.70 | -1.70 -5.80 -11.20 29.06 26.10 22.02 | -5.69 -7.51 -10.96
265 34.30 26.40 18.70 | -1.60 -7.00 -11.20 29.06 26.10 21.98 | -5.69 -7.5% -11.00
270 34.30 25.10 18.60 | -1.60 -6.30 -11.30 29.06 26.10 21.95 | -5.69 -7.51 -11.03
275 34.30 25.40 18.60 | -1.40 -6.00 -11.30 29.07 26.10 21.92 | -5.68 -7.51 -11.06
280 34.30 25.40 18.60 | -1.60 -6.00 -11.30 29.07 26.10 21.89 | -5.68 -7.51 -11.09
285 34.30 25.10 18.50 | -1.60 -6.30 -11.40 29.07 26.10 21.87 | -5.68 -7.51 -11.11
290 34.30 25.10 18.50 | -1.60 -6.30 -11.40 29.08 26.09 21.84 | -5.67 -7.52 -11.14
295 34.40 20.70 18.40 | -1.50 -§.70 -11.50 29.08 26.09 21.82 | -5.67 -7.52 -11.16
300 34.50 24.60 18.40 | -1.40 -6.80 -11.50 29.08 26.09 21.79 | -5.67 -7.52 -11.19

TABLE A49 (con’d). Comparison of human abdomen, thigh and calf temperatures (degrees C) from Pelapu &
with Model predictions. Actual tesperatures and change from initial temperatures sre given.
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NAWCADWAR-93069-60

IMAN SUBJECT No.: S SEX: Femsle NODEL PREDICTIONS for SUBJECT No.: §
SUIT: BAYLEY IMMERSION WATER TENP: 32 deg F
TINE SHOULDER ARM NAND JSHOULDER ARM  HAND CHEST ARM WAND | CHEST ARM  NAND
nin right left | right left ]
(Actusl temp.) | (Change in tesp.) (Estimatad temp.) | (Change in temp.)
cemesccncvacaccaas cemeceranen bececsaccesmmcesanccanannans cssesccecmcccesnascanan tececeascccncocasansan
0 34.30 32.80 30.30 | 0.00 0.00 0.00 33.80 32.75 32.70 | 0.00 0.00 0.00
5 33.50 33.00 30.80 | -0.80 0.20 0.50 31.86 29.51 29.03 | -1.9%¢ -3.2¢ -3.67
10 33.00 33.10 30.50 | -1.30 0.30 0.2 31.72 28.43 27.55 | -2.08 -4.32 -5.15
1% 32.60 33.30 3.20| -1.70 0.50 -0.10 31.32 27.51 26.33 | -2.48 -5.26 -6.37
20 32.10 33.20 29.50 | -2.20 0.40 -0.80 30.75 26.68 25.21 | -3.05 -6.07 -7.49
& 31.90 33.00 28.80 | -2.40 0.20 -1.50 30.34 26.05 26.17 | -3.46 -6.70 -38.53
30 31.70 32.80 28.00 | -2.60 0.00 -2.30 30.37 5.83 23.21 | -3.43 -6.92 -9.49
35 31.30 32.90 27.40 | -3.00 0.10 -2.90 30.61 25.93 22.33 | -3.19 -6.82 -10.37
40 31.30 32.30 27.40 | -3.00 -0.50 -2.90 30.88 26.19 21.48 | -2.92 -6.56 -11,22
45 31.50 32.00 27.30 | -2.80 -0.80 -2.50 31.33 26.52 20.88 | -2.47 -6.23 -12.02
S0 31.50 31.60 27.60 | -2.80 -1.20 -2.70 31.26 26.83 19.95 | -2.54 -5.92 -12.75
$S 31.30 31.70 27.00 | -3.00 -1.10 -3.30 31.35 27.09 19.25 | -2.45 -5.66 -13.45
60 31.10 31.40 26.20 | -3.20 -1.40 -4.10 31.39 27.29 18.58 | -2.41 -5.46 -14.12
65 31.30 31.30 25.80 | -3.00 -1.50 -4.50 31.41 27.46 17.97 | -2.39 -5.31 -14.73
70 31.20 31.30 25.20 | -3.10 -1.50 -5.10 31.43 27.56 17.38 | -2.37 -5.19 -15.32
5 31.10 31.20 26.00 | -3.20 -1.60 -4.30 31.43 27.66 16.82 | -2.37 -5.09 -15.38
80 31.00 31.00 25.30 | -3.30 -1.80 -4.50 31446 27.73 16.31 | -2.36 -5.02 -16.39
8 31.00 31.10 25.80 | -3.30 -1.70 -4.50 31.44 27.80 15.81 | -2.36 -4.95 -16.89
90 30.90 30.50 25.20 | -3.40 -2.30 -5.10 31.45 27.85 15.34 | -2.35 -4.90 -17.36
95 30.90 30.00 26.60 | -3.40 -2.80 -5.70 31.45 27.90 14.91 | -2.35 -4.85 -17.79
100 31.20 30.10 2¢.50 | -3.10 -2.70 -5.80 31.45 27.964 14.49 | -2.35 -4.81 -18.21
105 31.20 30.00 23.90 | -3.10 -2.80 -6.40 31.45 27.97 14.09 | -2.35 -4.78 -18.61
110 31.10 29.5¢ 23.80 | -3.20 -3.30 -6.50 31.46 28.00 13.72 | -2.36 -4.75 -18.98
115 30.90 29.20 26.20 | -3.40 -3.60 -6.10 31.46 28.02 13.36 | -2.34 -4.73 -19.34
120 30.80 29.00 26.20 | -3.50 -3.80 -6.10 31.46 28.04 13.02 | -2.36 -4.71 -19.68
125 30.90 23.70 23.80 | -3.40 -4.10 -6.50 31.47 28.06 12.72 | -2.33 -4.69 -19.98
130 30.90 28.60 22.80 | -3.40 -4.20 -7.50 31.47 28.07 12.42 | -2.33 -4.68 -20.28
135 30.80 28.30 22.70 | -3.50 -4.50 -7.60 31.48 28.09 12.14 | -2.32 -4.66 -20.56
140 30.90 28.20 22.50 | -3.40 -4.60 -7.80 31.48 28.10 11.89 | -2.32 -4.65 -20.81
145 30.90 28.10 22.20 | -3.40 -4.70 -8.10 31.48 2B.11 11.65 | -2.32 -4.64 -21.05
150 30.80 27.80 22.00 | -3.50 -5.00 -8.30 31.49 28.12 11.42 | -2.31 -4.63 -21.28

TABLE AS0. Comparison of human shoulder, arm snd hand temperatures (degrees C) from Pelapu 4 with
Model predictions. Estimetes of chest temperature were compared to human shoulder data.
Actual temperatures and change from initial temperatures are given.
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HUMAN SUBJECT No.: S SEX: Female MNODEL PREDICTIONS for SUBJECT No.: 5

SUIT: BAYLEY IMMERSION WATER TEMP: 32 deg F

VIME SHOULDER ARM MAND |SHOULDER ARM  WAND CHEST ARM  MNAND | CHEST ARN  WAND
min right left | right Lleft |

(Actual temp.) | (Change in temp.) (Estimated temp.) | (Change in tesp.)

............................. emecececseeceveassceessNmcessentarttsanenanteraan abenrane e aameeonaa
155 31.20 27.70 21.80 | -3.10 -5.10 -8.50 31.49 28.13 11.21 | -2.31 -4.62 -21.49
160 31.30 27.50 21.10 | -3.00 -5.30 -9.20 31.50 28.164 11,02 | -2.30 -4.61 -21.68
165 31.30 27.50 20.90 | -3.00 -5.30 -9.40 31.50 28.14 10.83 | -2.30 -4.61 -21.87
170 31.40 27.40 21.00 | -2.90 -5.40 -9.30 31.50 28.15 10.66 | -2.30 -4.60 -22.04
175 31.20 27.50 20.90 | -3.10 -5.30 -9.40 31.51 28.16 10.50 | -2.29 -4.59 -22.20
180 31.00 27.30 20.50 | -3.30 -5.50 -9.80 31.51 28.16 10.35 | -2.29 -4.59 -22.35
185 31.00 27.20 19.90 | -3.30 -5.60 -10.40 31.51 28.17 10.21 | -2.29 -4.58 -22.49
190 31.00 26.90 19.80 | -3.30 -5.90 -10.50 31.52 28.17 10.08 | -2.28 -4.58 -22.62
195 31.10 26.80 19.70 | -3.20 -6.00 -10.60 31.52 28.18 9.96 | -2.28 -4.57 -22.74%
200 31.30 26.80 19.00 | -3.00 -6.00 -11.30 31.52 28.18 9.84 | -2.28 -4.57 -22.86
205 31.40 26.70 18.40 | -2.90 -6.10 -11.90 31.53 28.19 9.74 | -2.27 -4.56 -22.96
210 31.60 26.50 18.20 | -2.70 -6.30 -12.10 31.53 28.19 9.64 | -2.27 -4.56 -23.06
215 31.50 25.10 18.00 | -2.80 -6.70 -12.30 31.53 28.19 9.54 | -2.27 -4.56 -23.16
220 31.50 26.00 17.80 | -2.80 -6.80 -12.50 31.53 28.20 9.46 | -2.27 -4.55 -23.2%
225 31.50 25.90 17.20 | -2.80 -6.90 -13.10 31.54 28.20 9.37 | -2.26 -4.55 -23.33
230 31.40 25.80 17.00 | -2.90 -7.00 -13.30 31.54 28.20 9.30 | -2.26 -4.55 -23.40
35 31.40 25.70 16.90 | -2.90 -7.10 -13.40 31.54 28.20 9.23 | -2.26 -4.55 -23.47
260 31.40 25.60 16.80 } -2.90 -7.20 -13.50 31.54 28.21 9.16 | -2.26 -4.54 -23.54
25 31.30 25.90 16.20 | -3.00 -6.90 -14.10 31.56 28.21 9.10 | -2.26 -4.54 -23.60
250 31.20 25.70 16.00 | -3.10 -7.10 -14.30 31.54 28.21 9.04 | -2.26 -6.54 -23.66
55 31.30 25.30 15.80 | -3.00 -7.50 -14.50 31.55 28.21 8.99 | -2.25 -4.54 -23.71
260 31.20 25.80 15.60 | -3.10 -7.00 -14.70 31.55 28.21 8.94 | -2.25 -4.54 -23.76
265 31.20 25.80 15.00 [ -3.10 -7.00 -15.30 31.55 28.22 8.89 | -2.25 -4.53 -23.81
270 31.20 25.90 1%4.90 | -3.10 -6.90 -15.40 31.55 28.22 8.85 | -2.25 -4.53 -23.85
275 31.20 26.00 14.80 | -3.10 -6.80 -15.50 31.55 28.22 8.80 | -2.25 -4.53 -23.90
280 31.20 26.00 14.50 | -3.10 -6.80 -15.80 31.55 28.22 8.77 | -2.25 -4.53 -23.93
285 31.30 25.90 14.00 | -3.00 -6.90 -16.30 31.55 28.22 8.73 | -2.25 -4.53 -23.97
290 31.30 25.50 13.60 | -3.00 -7.30 -16.70 31.55 28.22 B8.70 | -2.25 -4.53 -24.00
295 31.40 25,20 13.40 | -2.90 -7.60 -16.90 31.55 28.22 8.66 | -2.25 -4.53 -24.04
300 31.50 25.00 13.20 { -2.80 -7.80 -17.10 31.55 28.23 8.63 | -2.25 -4.52 -26.07

TABLE A50 (con’d). Comparison of human shoulder, arm and hand temperatures (degrees C) from Pelapu 4
with Model predictions. Estimates of chest temperature were compared to human shoulder
data. Actual temperatures and change from initial temperatures are given.
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WUMAN SUBJECT No.: S SEX: Female

SUIT:
TINE

win left left | right left |
(Actual temp.) | (Change in tesp.) (Estimeted temp.) | (Change in temp.)
............................ N L L L T R e Ry
¢ 33.30 31.00 32.00 | 0.00 0.00 0.00 34.75 33.61 32.9¢ | 0.00 0.00 0.00
S 34.00 30.40 31.50 | 0.20 -0.60 -0.50 33.32 31.15 30.89 | -1.43 -2.46 -2.09
10 34.10 30.00 30.70 | 0.30 -1.00 -1.30 33.36 30.45 30.35 | -1.39 -3.16 -2.63
15 34.10 29.70 30.00 | 0.30 -1.30 -2.00 33.07 29.% 29.92 | -1.68 -3.67 -3.06
20 33.90 29.30 29.50 | 0.10 -1.70 -2.50 32.52 29.52 29.52 | -2.3 -4.09 -3.46
2 33.70 28.80 29.00 | -0.10 -2.20 -3.00 31.86 29.19 29.15 | -2.89 -4.42 -3.83
30 33.40 28.50 28.50 | -0.40 -2.50 -3.50 31.44 29.00 28.82 | -3.31 -4.61 -4.16
35 32.90 27.80 27.80 | -0.90 -3.20 -4.20 31.17 28.91 28.54 | -3.58 -4.70 -4.44
40 32.90 27.20 27.50 | -0.90 -3.80 -4.50 30.98 28.86 28.26 | -3.77 -4.T5 -4.72
45 32.50 26.80 27.00 | -1.30 -4.20 -5.00 30.85 28.85 28.00 | -3.90 -4.76 -4.98
50 32.40 26.50 26.80 | -1.40 -4.50 -5.20 30.77 28.86 27.75 | -3.98 -4.75 -5.23
55 32.10 26.20 26.10 | -1.70 -4.80 -5.90 30.71 28.86 27.51 | -4.04 -4.75 -5.47
60 32.00 25.90 25.90 | -1.80 -5.10 -6.10 30.67 28.86 27.29 | -4.08 -4.75 -5.69
65 31.90 25.50 25.50 | -1.90 -5.%0 -6.50 30.64 2B8.86 27.08 | -4.11 +4.75 -5.90
70 31.80 25.30 25.00 | -2.00 -5.70 -7.00 30.62 2B.86 26.87 | -4.13 -4.75 -6.1
75 31.50 25.20 26.80 | -2.30 -5.80 -7.20 30.61 28.85 26.68 | -4.16 -4.76 -6.30
80 31.40 25.10 26.30 | -2.40 -5.90 -7.70 30.61 2B.85 26.50 | -4.14 <4.76 -6.48
85 31.30 25.00 2¢.00 | -2.50 -6.00 -8.00 30.62 28.85 26.33 | -4.13 <-4.76 -6.65
90 31.10 25.00 23.90 | -2.70 -6.00 -8.10 30.63 28.85 26,17 | -4.12 -4.76 -6.81
95 31.00 25.10 23.40 | -2.80 -5.90 -8.40 30.65 28.85 26.02 | -4.10 -4.76 -6.96
100 30.90 25.20 23.50 | -2.90 -5.80 -8.50 30.66 28.85 25.87 | -4.09 -4.76 -7.11
105 30.90 25.50 23.30 | -2.90 -5.50 -8.70 30.68 28.86 25.74 | -4.07 -4.75 -7.2%
110 30.80 25.40 23.00 | -3.00 -5.60 -9.00 30.70 28.86 25.61 | -4.05 -4.75 -7.37
115 30.90 25.30 23.00 | -2.90 -5.70 -9.00 30.72 28.86 25.49 | -4.03 -4.75 -7.49
120 30.90 25.20 23.10 | -2.90 -5.80 -8.90 30.76 28.86 25.38 | -4.01 <4.75 -7.40
125 31.00 25.10 23.10 | -2.80 -5.90 -8.90 30.76 28.86 25.27 | -3.99 -4.75 -7.M
130 31.10 25.30 23.00 | -2.70 -5.70 -9.00 30.78 28.86 25.17 | -3.97 -4.75 -7.81
135 31.10 25.30 22.90 | -2.70 -5.70 -9.10 30.80 28.86 25.08 | -3.95 <4.75 -7.90
140 31.00 25.40 22.90 | -2.80 -5.60 -9.10 30.82 28.87 24.99 | -3.93 -4.7% -7.%9
145 31.00 25.30 22.90 | -2.80 -5.70 -9.10 30.83 28.87 24.90 | -3.92 -4.7% -8.08
150 30.90 25.40 23.00 | -2.90 -5.60 -9.00 30.85 28.87 24.82 | -3.90 -4.74 -8.16
TABLE A51. Comparison of human abdomen, thigh and calf tesperatures (degrees C) from Pelapu 4 with

BAYLEY IMMERSION VATER TENP: 32 deg F
ABDOMEN THIGH CALF |ABDOMEN THIGH CALF

MODEL PREDICTIONS for SUBJECT Mo.:

ABDOMEN THMIGH CALF

|ABDOMEN THIGHM CALF

Model predictions. Actual temperatures and change from initial temperatures are given.
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TABLE AS1 (con’d).

with Model predictions.
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4.7
“4.7%
4.7
-4.7%
-4.76
~4.73
-4.73
-4.73
<4.73
-4.73
“4.73
“4.73
“4.73
~4.73
~4.73
-4.73
-4.73
-4.73
-4.73
-4.73
-4.73
-4.73
-4.73
“4.73
-4.73
~4.73
“4.73
-4.73
-4.73
-4.73

[ABDOMEN THIGH CALF

(Change in temp.)

-8.61
-8.67
-8.72
-8.76
-8.81
-8.85
-8.89
-8.93
-8.97
-9.01
-9.04
-9.07
«9.10
-9.13
-9.16
-9.19
-9.21
-9.26
-9.26
-9.28
=9.30
-9.32
+9.34
~9.36

NAWCADWAR-93069-60

HUMAN SUBJECT No.: § SEX: Female MODEL PREDICTIONS for SUBJECT No.:

SUIT: BAYLEY IMMERSION WATER TEMP: 32 deg F

TIME ABOOMEN THIGH CALF |ABDOMEN THIGH CALF ABDOMEN THIGH CALF
min left left | right left |

(Actual temp.) | (Change in temp.) (Estimated temp.) |

............................ e eemmseceesemacmcesssmeeeacerecreseseemesamceseeadeorenoeennnnanononens
158 31.20 25.80 23.00 | -2.60 -5.40 -9.00 30.86 28.87 24.75 | -3.89
160 31.30 25.80 23.20 | -2.50 -5.20 -8.80 30.87 28.87 24.67 | -3.88

> 165 31.20 26.20 23.40 | -2.60 -4.80 -8.60 30.89 28.87 24.60 | -3.86
170 31.00 26.50 23.50 | -2.80 -4.50 -8.50 30.90 28.87 26.54 | -3.85
175 30.90 26.90 23.50 | -2.90 -4.10 -8.50 30.91 28.87 24.48 | -3.84
’ 180 30.90 27.00 23.40 | -2.90 -4.00 -8.60 30.92 28.88 26.42 | -3.83

185 31.00 27.30 23.50 | -2.80 -3.70 -8.50 30.93 28.88 24.37 | -3.82
190 31.20 27.20 23.50 | -¢.60 -3.80 -8.50 30.9% 28.88 26.31 | -3.81
195 31.30 27.10 23.60 } -2.50 -3.90 -8.40 30.95 28.88 24.26 | -3.80
200 31.40 27.20 23.70 | -2.40 -3.80 -8.30 30.96 28.88 24.22 | -3.79
205 31.40 28.50 23.90 | -2.20 -2.50 -8.10 30.96 28.88 24.17 | -3.79
210 31.80 28.20 24.00 | -2.00 -2.80 -8.00 30.97 28.88 24.13 | -3.78
215 31.80 27.70 23.90 | -2.00 -3.30 -8.10 30.98 28.88 24.09 | -3.77
220 31.90 27.30 23.80 | -1.90 -3.70 -8.20 30.98 28.88 24.05 | -3.77
225 31.80 27.00 23.70 | -2.00 -4.00 -8.30 30.99 28.88 24.01 | -3.76
230 31.80 27.10 23.70 | -2.00 -3.90 -8.30 30.99 28.88 23.97 | -3.76
235 31.90 27.00 23.60 | -1.90 -4.00 -8.40 31.00 28.88 23.94 | -3.75
260 32.10 26.80 23.40 | -1.70 -4.20 -8.60 31.00 28.88 23.91 | -3.75
265 32.20 26.70 23.20 | -1.60 -4.30 -8.80 31.00 28.88 23.88 | -3.75
250 32.30 26.70 23.10 ] -1.50 -4.30 -8.90 31.01 28.88 23.85 | -3.74
255 32.30 26.80 23.10 | -1.50 -4.20 -8.90 31.01 28.88 23.82 | -3.74
260 32.50 26.90 23.00 | -1.30 -4.10 -9.00 31.02 28.88 23.79 | -3.73
265 32.50 25.80 23.00 | -1.30 -4.20 -9.00 31.02 28.88 23.77 | -3.73
270 32.80 26.70 22.90 | -1.20 -4.30 -9.10 31.02 28.88 23.74 | -3.73
275 32.90 26.70 22.90 | -0.90 -4.30 -9.10 31.02 23.88 23.72 | -3.73
280 33.00 26.50 23.00 | -0.80 -4.50 -9.00 31.03 28.88 23.70 | -3.72
285 32.90 26.30 23.00 | -0.90 -4.70 -9.00 31.03 28.88 23.68 | -3.72
290 33.00 26.20 23.10 | -0.80 -4.80 -8.90 31.03 28.88 23.66 | -3.72
295 33.00 26.20 23.10 | -0.80 -4.80 -8.90 31.03 28.88 23.64 | -3.72
300 33.00 26.10 23.10 | -0.80 -4.90 -8.90 31.04 28.88 23.82 | -3.7"

Comparison of human abdomen, thigh and calf temperatures (degrees C) from Pelapu &
Actual temperatures and change from initial temperatures are given.
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